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Figure 3 Rear view of H29Rl spray tank used on C 607 


B, Agent: In each trial, each spray tank was filled with 
approximately 730 pounds of V-agent simulant (Bis 2-ethylhexyl hydrogen 
phosphite). The Bis fill was dyed with 6 grams of DuPont Oil Red (C.I. 
258) per liter of agent. A control sample from the agent lot number used 
to fill the spray tanks on each trial was sent tc the Analytical Labora- 
tory, DPG, for use in the preparation of standards for the analytical assay 
of each trial. 


C. Aircraft: One F-100 type jet aircraft was to bs used on all 
trials as the support vehicle for the spray tanks. One L-19 aircraft was 
used to provide planesonde data on all trials. 


D. Grid Layout and Flight Procedures: In C 607, the grid was 


designed to contain agent clouds carried by winds from a southeasterly 
(100-180°) direction was indicated in Figure 4. Four flight lines were 
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available; two for a release height of 500 feet and two for a release 
height of 1,300 feet. The Test Officer determined the appropriate flight 
line from the mean wind direction and speed that was obtained from pibal 
data. Flight and aiming point markings were installed before each trial 
to indicate clearly the line of flight, aiming point, and point of dis- 
charge. 


E. Sampling: One horizontally positioned ground level Print- 
flex-card sampler (size 6 by 7 inches) and one filter-paper sampler 
(consisting of three layers of Whatman's Number 1 filter-paper with an 
exposed area of 3.25 by 7.75 inches) was placed at each of the positions 
indicated in Figure 4. On the 500-foot ralease height trials, sampling 
and/or analysis of samplers was not required for the positions of rows 
1505" 198, 246 ,8and Foxtrot. On the 1,300-foot release height trials, 
sampling and/or analysis of samplers was not required for the positions 
of rows 318, 366, 414, 462, and 510. 


F. Photographic: In each trial, three photographic cinethe- 
odolite positions were used to determine the emission altitude, length 
of emission, emission time, discharge point in relation to the grid, and 
speed and line of flight of the aircraft. Documentary motion pictures 
and still photographs were taken of emission spray lines and other opera- 
tional subjects. 


G. Meteorological: In each trial, one 100-foot mast, one 
16-meter mast and four e-meter instruments were installed on Downwind 
Grid as indicated in Figure 4. Wind direction and speed, temperature 
gradient, air and ground temperature, relative humidity, and cloud cover 
wers measured with sufficient resolution to provide a representative 
wind track. A planesonde was obtained on each trial at 100-foot inter- 
vals from 100 feet above ground surface to 200 feet above spray release 
height. Pibal data were used to obtain the mean wind dirsction and speed 
from surfaces to release height. 


H. Laboratory: Following the completion of each trial, all 
filter papers were detached from their holders and returned to the Ana- 
lytical laboratory for colorimetric analysis by the trinitrobenzene 
method. A selection of samples for analysis was made to assure a one- 
position fringe of blank analyses around the arsa of contamination. A 
control sample from the V-simulant lot number used to fill the spray 
tanks on each trial was provided by the Munitions Section and utilized 
for the preparation of standards for the analytical assay of each trial. 


I. Evaluation: At the conclusion of each trial, all contami- 


nated Printflex cards were microfilmed to provide a permanent record. 
The Printflex cards were then given to TD&A for droplet assessment. 


Viiles 


awe TEST RESULTS: 


A. Munition and Agent: The two E29Rl spray tanks functioned 
properly in Trial A-1l and disseminated a total of 631,851 grams of 
Simulant. Following Trial A-2, it was found that the aircraft's right 
spray tank did not function and 326,585 grams of simulant was dissem- 
inated from the left spray tank only. The cause of the malfunction 
of the right tank was found to be caused by an open circuit in the air- 
craft. 


B. Aircraft: On Trial A-1, an Air Force F1OO-F jet aircraft 
was used to carry the E29Rl spray tanks; on Trial A-2, a Navy FJ4B jet 
aircraft was used. Table 1 presents the data pertaining to aircraft 
operation, including that recorded by ths photographic cinetheodolite 
positions. 


Table l Aircraft operation and photographic cinetheo- 
dolite data obtained in C 607 










LOCATION 








TRUE |DISSEMI- | DISSEMI- 







TRIAL FLIGHT | RELEASE | AIR- NATION NATION OF 
NUMBER ps3 Ree LINE |HEIGHT |SPEED TIME LENGTH* | AIRCRAFT** 
(Sec) | (Feet) (Feet ) 








1,400: late 
120 left 






380 early 
110 left 






15 Aug|0535 1,380 8.2 |5,330 
1 Nov|0751 6,210 


*Dissemination length is calculated at the end of dissemination 


including visible trail-out. 
**#Tn relation to the flight line as shown in Figure 4. 


C. Sampling: 


1. Agent Recovery: The point-count technique was used in 
all trials to determine the amount of liquid agent recovered by the hori- 
zontal filter-paper samplers. This is the method of ascertaining area 
coverage by assigning fixed areas to each sampler and assuming that the 
sample recovered is representative of that area. These area assignments 
are given in Dugway Proving Ground Test Plan DPGTP 607 (Reference A). A 
summary of these data is given in Table &; complete data are presented in 
Appendix A, Tables 1 and 2. Contour diagrams for various contamination 
density levels obtained in each trial are presented in Appendix B. 
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Table 2 Liquid agent recovery data for C 607 


AMOUNT OF AGENT AMOUNT OF AGENT ESTIMATED AGENT 
DISSEMINATED RECOVERY RECOVERY 


(gm) (gm) (ag 


631, 851 415,149 


326,585 250,917 





2. Area Coverage: Area Coverages, in square meters, for 
various contamination density levels obtained in each trial are pre- 
sented in Table 3. 


Table 3 Area Coverage in square meters obtained at 
ground level with the Bis-filled K29R1l spray tank in C 607 





AREA COVERAGE (Square Meters) FOR INDICATED TRIALS 


CONTAMINATION 
DENSITY 


(mg/m* ) 





























4,603,274 5,590,165 
4,239,637 4,242,929 
3,053,623 1,036,764 
1,738,637 551,268 


* 


16,722 






RELEASE HEIGHT- 
WIND SPEED 
PRODUCT** (£+/mph ) 

*No data recorded. 
**Data obtained by multiplying release height by the calculated mean 
wind speed. 







5. Droplet: Only a limited number of horizontal Printflex 
cards were processed for each trial in order to calculate the mean wind 
speed between the release height and ground level, and to determine the 
droplet size spectra. 


‘The procedure followed in calculating the mean_wind speed is explained 
in detail in Appendix A, Paragraph II,B of DPGR 247- except on the present 


ST PSR ale Ty oe ; ion Wy cated Oo rs chs Ie a tale es 
Technical Report DPGR 247. Comparative Trials Of The Modified And \ f 


Unmodified Aero 14B Spray Tank, Bis-filled Dugway Proving Ground, cy 
Dugway, Utah. April 1960. poe 


Vile Linsey 


trials the average stain diameter was weighted for contamination density 
at the position of stain. The results from these calculations are shown 
in Table 4, Section VII, Paragraph D of this report. 


The procedure followed in determining the droplet size spectra is 
explained in Appendix A, Paragraph I of DPGR 247 except the average stain 
diameter was weighted once for contamination density at the position of 
Stain, and again for affiliated total row contamination density. The 
weighting for contamination density of the affiliated row total has the 
effect of describing the mass-drop diameter spectrum most precisely 
around the mass median diameter and least accurately in the ranges of the 
smallest and largest drop sizes. The results obtained are shown in Fig- 
ures 5 and 6. 


The stain size data obtained for these trials may be found in Appen- 
dix C, Tables 1 and 2. Microfilm negatives of the contaminated Printflex 
cards obtained on these trials are on file at DPG, and prints of these 
negatives are available upon request. 


D. Meteorological: Table 4 presents a summary of the general 
meteorological conditions existing at or near release time in each trial. 
Complete meteorological data are presented in Appendix D. 


Table 4 General meteorological conditions for C 607 


| 2-METER WIND METER WIND 100- | 100-FOoT wInD | WIND 

TRIAL 

NUMBER Direction Speed Direction Speed 
io) eon 9) (mph ) 
eae era Gr 6 open 


Continued 





VII-6 


T-¥ Tet4L, *409 9 tor eajyoeds sze,emetp doup-ssem qyuereddy 


SNONOIW “YS 3WVI0 dOXd 


OOS-OSb OSb-O0b OOb-OSE OCF00F  O0F-0S2 


OS2-002 


OO2-0S! 


OSI-OO! 


G eunsty 


OOt-0S 


O08 


OO! 


Oel 


Obl 


9 ‘SSVW 


VII-7 


o-V¥ T8t4L ‘409 9 A0r eayoeds Jeyewetp doip-sseu queieddy 9 eun3 ty 


SNOXOW ‘NGLSWVIO dOYa 
OSS-O0S O0S-OSP OSb-00b OOb—-OGE OSE-O0OE OOL-O0SZ OS2-002 002-OSI OS!I-O0! OO!I-OS 


Oo 


2 


ool 


O2!l 


Obl 


9x “SSVW 


VII-8 





i> = iis aaa 
’ : 


eee MIT TR 


&h iar? WS & 461 #1? secs terestl> Gexh-stag Iheweek 


a) nce 7 - — ~~ ea _ << — — ~~ —— 





9 SH 


APPENDIX 


VIII 





CK 
aie sages 


C-) 
id 
GD 
eJ 
ES. 
SJ 
eae 


= 
Wee mg HEN ea AU 
ro ar J z, id 
Se 
<j} 
7 Ce sel 
= ath 
a fe : 
Ie rebc ietd 
© —_~ ay 
"i ys! ed 
Se <R, begs ‘ ae pe ye aS 1 
sare 1 “tA 
‘APRIL 1960 
° fated, ia 


=e CCOMPARATIVE TRIALS OlPmilgl= 
MODIFIED AND UNMODIFIED 
AERO 14B SPRAY TANK, BIS- 
FILLED 


US. ARMY CHEMICAL CORPS PROVING GROUND 


nDUGWAY 
Pee Gate st ft) G 
GRoUH D 


DUGWAY, UTAH 





MATERIALS AND METHODS 


MATERIALS 
Munitions 


. The munition used in these trials was the U.S. Navy 
Aero 14B Spray Tank. Phase A trials required the use of the 
modified tank and Phase B required the use of the unmodified 
tank. The unmodified Aero 14B Spray Tank contains an 1800 psi 
nitrogen gas reservoir, a pressure regulator to reduce the 
pressure to 100 psig, an agent reservoir, a pneumatically op- 
erated discharge valve, and a spear discharge nozzle (no dif- 
fuser cone was used). The modified Aero 14B Spray Tank differs 
only in that the discharge tube and spear valve aft of the dis- 
charge valve were removed and replaced by a discharge tube con- 
taining straightening vanes and a contoured nozzle designed to 
convert the spray system from a producer of fine aerosols to a 
producer of larger droplets. This tank was modified by Edo 
Corporation personnel through arrangements made by Chemical 
Warfare Laboratories, Army Chemical Center, Maryland (CWL). 
The agent capacity is approximately 91.5 gallons; suspension 
lug spacing is 30 inches. 


Agent 


On each trial the spray tank was filled with approxi- 
mately 700 pounds (317,513 grams) of the V-agent simulant Bis 
(bis 2-ethyl hexyl hydrogen phosphite). The agent fill was 
dyed with 6 grams of DuPont Oil Red dye (C.I. 258) per liter of 
agent. The dyeing and filling were acoomplished at the U.S. 
Army Chemical Corps Proving Ground, Dugway, Utah. 


Aircraft 


One Marine A4D aircraft was used on all trials as the 
support vehicle for the spray tank. One L-19 aircraft was used 
to provide planesonde data on all trials except Trial B-3. Be- 
cause of an operational oversight the plane was not used on this 


trial. 


Grid Location 


“-) All trials were conducted on Downwind Grid, Dugway Prov- 
ing Ground, Utah, a permanent grid located 11 miles southwest of 


Dog Area (Fig. 1). 


Viet Iegl 





Fig. 1.- Aerial view of Downwind Grid. 


Grid Layout 


“4 In OW 442, the grid was designed to contain agent clouds 
carried by winds from either a northwesterly (280-360°) or from 
@ southeasterly (100-180°) direction (Fig. 2), 


Sampling Layout 


Horizontal Samplers 


.v, Horizontally-positioned ground-level filter-paper sam- 
plers and Printflex-card samplers were attached to steel plate 
holders as shown in Figure 3 and placed at positions as indi- 
cated in Figure 2. The filter-paper samplers consisted of three 
layers of Whatman's Number 1 filter paper, and had an exposed 
area 3.25 by 7.75 inches in size. The Printflex-card samplers 
had an exposed area of 7 by 6 inches. 
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Fig. 2.- Overall gria diagram for CW 442 Spray Trials. 


Ve 


Vertical Samplers 


Vertically-positioned oylindriocal filter-paper samplers 
and Printflex-card samplers were wrapped around vertically-posi- 
tioned cylinders 2.69 inohes in diameter and 3.75 inohes in 
height and were placed at the 5-foot level as shown in Figure 35 
and at positions as indicated in Figure 2. The filter-paper 
samplers consisted of three layers of Whatman's Number 1 filter 
paper 3.75 by 8 inches in size. The Printflex-card samplers 
were 5.75 by 6.75 inches in size. 





Fig. 3.- Typical sampling station showing horizontal and verti- 
cal samplers at 1.5- and 5-foot intervals (the 1.5-foot 


position was not used on CW 442). 
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Photographio Equipment 


Three phototheodolites, one normal speed motion picture 
camera, one still camera, and one microfilm camera were used on 
the trials of CW 442. 


Meteorological Equipment 


On each trial six 2-meter anemometer and direction in- 
struments and one 16-meter mast were installed to telemeter data 
to the Downwind Grid Command Post. In addition, one 2-meter 
anemometer and direction instrument (recorded locally), one me- 
teorological station installed 2500 feet upwind of spray release 
line to obtain pibal and metecrological observation data, and 
planesonde equipment were employed on each trial, with the oex- 
ception that on Trial B-3 an operational oversight prevented the 
use of the planesonde equipment. Table 1 gives the positions 
employed for trials having either a northwest or southeast wind 
(referenced positions are shown in Figure 2). 


TABLE 1: Meteorological Positicns Used on Trials Having a NW or a SE 
Wind Direction (UNCLASSIFIED) ' 


WIND 2-METER &-METER 16-METER PIBAL | 
DIRECTION TELEMETERED LOCALLY RECORDED | PROFILE MAST | STATION 
INSTRUMENT NUMBERS | INSTRUMENT NAMES NUMBER NUMBER 
NW Baker 13 
Bravo 13 


On each trial, a single Bis-filled Aero 14B Spray Tank 
(modified or unmodified) was mounted under the fuselage of an 
A4D Marine jet airoraft. Each tank was weighed before and after 
pach trial to determine the amount of agent disseminated. 
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METHODS 


Munition Procedures 
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Flight Procedures 


On eaoh trial, the Test Officer was scones for de- 
termining the altitude at which the agent was released from the 
airoraft (approximately 100-300 feet) in order to obtain the 
desired product of release height and wind speed. The 16-meter 
wind speed was used as an approximate guide to determine this 
release height. The 16-meter wind direotion was used by the 
Test Officer to determine the appropriate flight line to be 
used from information contained in Table 2. The desired true 
airspeed of the aircraft on all trials was approximately 450 mph. 


TABLE 2: Distinot Flight Requirements for Two-directional 


Grid® (UNCLASSIFIED) 
CROSSWIND FLIGHT © POINT AIRCRAFT 
sEoron DIRECTION LINE OF HEADING 
DISCHARGE 













*See Figure 2. 


Photographic Procedures 


In all trials the following data were obtained from the 
three phototheodolite positions (see Figure 2) located on the 
1¢-mile arc: release height, length of release, release time, 
discharge and out-off points in relation to grid, and speed and 
line of flight of the aircraft. 


At the conclusion of each trial, all contaminated Print- 
flex cards were microfilmed to provide a permanent reoord. The 
Printflex cards were then given to oo Design and Analysis 
Office for droplet assessment. 
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Meteorological Procedures 


Wind direotion and speed, temperature gradient, air and 
ground temperature, relative humidity, and oloud cover were 
measured in accordance with DPG OPER-SOP-MET No. ll: “Meteoro- 
logical Coverage and Data Schedule for Standard Tests,"4 dated 
24 October 1956. A planesonde was obtained at 50-foot intervals 
from 50 feet above ground surface to 100 feet above spray re- 
lease height for each trial except Trial B-3. Pibal data were 
used to obtain the mean wind direction and speed from surface to 
release height. 


Laboratory Procedures 


At the conclusion of each trial, all filter papers were 
removed from the steel plate holders and were taken to the Ana- 
lytical Laboratory where the agent was extracted from the filter 
papers and analyzed colorimetrically. A selection of samples for 
analysis was made to assure 4 one-position fringe of blank anal- 
yses around the area of contamination. 


A control sample from the agent lot used to fill the 


spray tank on each trial was provided by Munitions Seotion and 
utilized in the analytical assay of each trial. 


4 Published in the Appendix of Technical Report DPGR 235. 


Final Engineeri Testing of the M121 Howitzer Shell, Volume IT; 
Dissemination Phase (u). Dugway Proving Ground, Utah. December 


1958. Confidential. 
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RESULTS 


METEOROLOGICAL DATA 


A summary of the general meteorological conditions exist- 
ing at or near release time is given in Table 3; complete meteor- 
ological data can be found in Appendix D. The 2-meter and 16- 
meter wind speed and wind direction recorded for each trial were 
determined by averaging the wind speeds and wind directions from 
the 2-meter and 16-meter levels of the 16-meter profile mast (lo- 
cated in center of grid) for the interval between release time 
minus 1 minute to release time plus 1 minute. 


TABLE 3: Summary of Meteorological Data for CW 442, Phases. A.:and 
B -; 


SPRAY 
RELEASE 
TIM 


TRIAL DATE 
NUMBER | (1959) 





*See AppendixA, Paragraph II B and Table 4. Continued 


TABLE 3: (Conoluded) 


MEAN WIND?* ATR 
TRIAL | Direction Speed | TEMPERATURE 
See ee li aa) el icuph seen Ce) 
















*®Mean wind from surface to release height obtained 
from pibal data. 
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MUNITION RESULTS 


The amount of simulant disseminated on each trial was 
as follows: Trial A-1, 304,359 grams; Trial A-2, 294,380 grams; 
Trial A-3, 276,690 grams; Trial B-1, 297,101 grams; Trial B-2, 
500,277 grams; Trial B-3, 286,215 grams; and Trial B-4, 275,329 
grams. 


PHOTOGRAPHIC RESULTS 
The spray release data obtained on each trial by photo- 


graphic methods are summarized in Table 4. 


TABLE 4: Summary of Photographic Data Obtained on CW 442 (UNCLASSIFIED ) 














POSITION OF 
DISSEMINATION 
LINE RELATIVE 

TO FLIGHT LINE 


RELEASE | AIRCRAFT | LENGTH OF | DISSEMINA- 


HEIGHT? DISSEMINA- 
(Feet) TION®® 























On flight line, 
310 feet early; 
1030 ft late. 

On flight line, 
70 feet early; 
1420 ft late. 

25 feet left; 60° 
ft early; 1290 ft 
late. 

160 ft left; 50 
ft early; 1600 ft 
late. 

50 ft right; 160 
ft early; 1000 ft 
late. 

40 ft right; 350 
ft early; 630 ft 
late. 

50 ft right; 370 
ft early; 400 ft 
late. 
























*Data given for midpoint of dissemination line. | 
**Ind point includes calculation to point of visible trail-out. 


*3seo Figure 2 for referenced points. 
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FLIGHT RBSSULTS 
The flight results pertaining to the portion of grid 


used, the flight of the plane, and the release height-wind 
speed product obtained on each trial are summarized in Table 5. 


TABLE 5: Flight Data for CW 442° 


TRIAL | GRID Seton WIND SPEED 
NUMBER| SECTOR (°) PRODUCT** 





*See Figure 2.' 
**Data obtained by multiplying release height by the caloulated 


mean wind speed. 


SAMPLING RESULTS 


- 


Horizontal Samplers 


The point-count technique was used in all trials to 
determine the amount of liquid agent recovered. This is the 
method of ascertaining area coverage by assigning fixed areas 
to each sampler and assuming that the sample recovered by each 
sampler is representive of that area. A summary of these data 
is given in Table 6; complete data are presented in Appendix C, 
Tables 1 through 7. , 
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TABLE 6: Liquid Agent Recovery Data for CW 442 


AMOUNT OF AGENT | AMOUNT OF AGENT ESTIMATED AGENT 


TRIAL | DISSEMINATED RECOVERY RECOVERY 
NUMBER mm an 


303,359 262,133 
294,380 232,028 
276 ,690 202,031 


297,101 225,222 
500 ,277 198,105 
286,215 219,952 
275,329 216 ,457 





Only a limited number of horizontal Printflex cards were 
processed for each trial in order to determine the droplet size 
spectra. The procedure followed is explained in detail in Appen- 
dix A, and the data obtained may be found in Appendix C, Tables 
15 through 21. Miorofilm negatives of the contaminated Printflex 
cards obtained on these trials are on file at Dugway Proving 
Ground and prints of these negatives are available upon request. 


Contour diagrams for various contamination density levels 
obtained in each trial are presented in Appendix B. 


Vertical Samplers 


The data collected with the use of the oylindrical filter- 
paper samplers are presented in micrograms of agent per sampler 
in Appendix C, Tables 8 through 14. 


No attempt has been made to obtain droplet size spectra 
collected by the oylindrical Printflex-card samplers. Miorofilm 
negatives of the contaminated Printflex cards obtained on these 
trials are on file at Dugway Proving Ground and. prints of these 
negatives are available upon request. 


AREA COVERAGE RESULTS 


Because cylinders (vertical samplers) of different dia- 
meters and therefore different oross-seotional areas have different 
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collection efficiencies, it is not permissible to present con- 
tamination densities on these cylindrical samplers in terms of 
any area other than the cross-sectional area of the sampler it- 
self. It may be assumed, however, that a certain amount of 
agent collected by a vertical sampler corresponds to an amount 

of agent calculated for a square meter of horizontal contamina- 
tion in proportion to the areas. For example, the oross-seotion 
of the vertical cylindrical sampler used on this series of trials 
has an area of 0.0065 square meter; thus, 0.65 milligrams col- 
leoted on a vertical sampler corresponds to a horizontal contami- 
nation density of 100 milligrams per square meter. (For the sol- 
lection of agent on bare skin areas, such as a wrist, the above 
assumption is essentially correct because the diameter of a 

wrist and of the vertical cylindrical sampler used are about the 
same. For the ocolleotion of agent over the entire body, the as- 
sumption results to some extent in an overestimation of the areas 
of effective vertical contamination). The area coverages, in 
square meters, obtained in these trials from the horizontal san- 
plers and the vertical samplers are presented in Table 7. 
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DISCUSSION 


The evaluation of this series of trials involved the 
estimation of mass-drop diameter speotra for each trial. In- 
volved in these estimates is the assumption that at each down- 
wind distance, only one drop diameter exists. As the result of 
this assumption, portions of the material of the drop diameter 
range containing the greater mass which fall out at greater and 
lesser downwind distances are attributed to the larger and 
smaller drop diameter ranges. Therefore, in Figures 4 A-G, the 
peaks of the curves are suppressed in varying degrees in each 
trial. This effect is especially noticeable in the comparison 
of Trial A-1 (low release height-wind speed product) with Trial 
B-3 (high product). , Because of this, the spectra are presented 
as "apparent" mass-drop diameter spectra. 


From the average of the cumulative speotra for the 
trials with the unmodified spray tank opening (Phase B), predio- 
tions have been made for area coverages at contamination density 
levels of >50, 3100, >200, 2500, and 31000 mg/m for release height- 
wind speed products of 1,000 to 10,000 feet-miles/hour. These pre- 
dictions, summarized in Figure 5, are for 90° (or 270°) +10° angle 
of aircraft heading with wind direotion, an airspeed of 450 to 
500 mph, maximum rate of flow of simulant from the spray tank, 
and the dissemination of 290 kg of simulant. Area coverages from 
the seven trials are also presented on this graph for the purpose 
of indicating the extent of variation, around the predicted area 
coverages, that may be expected in actual tests or operational 
use of the spray tank. These predictions and the above indica- 
tions of expected variation are considered to be adequate for the 
_ described conditions of use, and further testing under these oon- 
ditions would probably be of little value. An exoeption would be 
testing with the agent for establishing the relationship of simu- 
lant and agent mass-drop diameter spectra. 


Predictions have also been prepared and presented (Fig. 
6) for the area coverage-release height-wind speed product re- 
lationship for angles of airoraft heading with wind direction of 
less than 90° (or 270°). Beoause of the assumptions involved in 
these prediotions, they are considered to be less and less reli- 
able as an angle approaches O° (or 180°). It is probable that 
the extent of this unreliability oannot be determined without 
further testing at an angle of or olose to 0° or 180°. 
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Fig. 4A.- Apparent Mass-Drop Diameter Spectra for Trial CW 442 
A-l. 
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Fig. 4B.- Apparent Mass-Drop Diameter Spectra for Trial CW 442. 
A-2. 
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Fig. 4C.- Apparent Mass-Drop Diameter Spectra for Trial CW 442 
A-3. 
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_ Fig. 4D.- Apparent Mass-Drop Diameter Spectra for Trial CW. 442 
B-l. 
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Fig. 4B.- Apparent Mass-Drop Diameter Spectra for Trial CW 442 
B-2. =e 
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Fig. 4F.- Apparent Mass-Drop Diameter Spectra for Trial CW 442 
B-3. 
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Fig. 4G.- Apparent Mass-Drop Diameter Speotra for Trial CW 442° 
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IIt. Prediotions of Area Coverage (Angles of less than 90° 
or 180° between Airoraft Heading and Wind Direotion). 


A. For these predictions, the same hypothetical grid 
was used with the line of flight parallel to the grid rows. A 
decrease from 90° of the angle of wind direction with the air- 
oraft heading will thus produce an increase in downwind dis- 
tance between the rows having a constant down-grid distance 
difference of 300 feet (see Fig. 15). Thus, according to the 
equation, 


BONO oye het] =, SERPs Bic eo 


Downwind Distance 


a decrease in the angle would result in an inorease in the down- 
wind distance and a corresponding increase in the release height- 
wind speed product if the rate of fall for the drop landing at 
this distance is to remain constant. Thus the kg/row of the .90° 
predictions and the corresponding increments of drop diameter 
and rates of fall, if held constant, call for an increase in re- 
lease height-wind speed products for each inorease in downwind 
distance between grid rows resulting from each decrease in angle. 
The predictions for area coverages at the smaller angles, Figure 
16, therefore consists of the same curves as in Figure 14 with 4 
new release height-wind speed product scale superimposed for each 
angle between aircraft heading and wind direction. 


B. In the above predictions for the smaller angles, 
lateral or oross wind diffusion has been negleoted for the most 
part. For an angle of 0°, this assumption implies the unlikely 
result that a nearly zero area of nearly infinite contamination 
density will be obtained. The assumption has also been made 
that the relationships of Figure 13 are valid for all of the 
smaller angles. The validity of this latter assumption is 
doubtful. For these reasons, the predictions become less reli- 
able as the angle becomes smaller. One or more trials at an 
angle of or close to O° would be required to give an estimate 
of lateral diffusion and to provide a oheok on the usefulness 
and validity of Figure 13 for the small angle prediotions. It 
should be noted that, in Figure 13, a certain amount of lateral 
diffusion effeot is apparent in the downward slope of the 100 
mg/m® line on the right hand side of the graph. 


IV. Reliability of the Prediotions. 


A. The predictions given above are based on the average 
apparent mass-drop diameter spectrum of the trials of Phase B. 
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On &@ theoretical basis, it is expected that the apparent speotra 

should be more "peaked" at low release height-wind speed product 

and more "flattened" at high products. All attempts to derive a 

quantitative relationship from the available data were unsuccess- 
ful. The predictions therefore suffer from the use of an average 
Spectrum and from the faot that this average is for a lower aver- 
age release height-wind speed product than the indicated range 

of "products" required for the best area coverage. 


B. A olosely related problem involves the assumption 
used in the prediotion that each downwind distance involves 
only one drop diameter. The actual spread of the drops of one 
diameter is over a considerable downwind distance (see Fig. 1). 
Although this separation in downwind distance of drops of the 
same diameter is very small in comparison to the separation of 
drops of different diameters, the above assumption has a slight 
effect on the reliability of the prediction. 


C. In Figure 13, the spread of points around the 
curves is attributed to the assumption that the mass of simulant 
assigned to each row is the only variable of importance and to 
the chance ocourrenoce and distribution of contamination densi- 
ties having values just above or below the selected level of 
interest. No obvious relationship of any other variable with 
the number of sampling positions (at a certain level of contami- 
nation density) could be found. 


D. In addition to the above, other small errors in the 
predictions may have resulted from the use of the graphic rather 
than the mathematical methods and from the use of other simpli- 
fying assumptions. The predictions for area coverage (for an 
angle of airoraft heading with wind direction of close to 90° or 
270°, air speed of 450 to 500 mph, maximum rate of flow, and dis- 
semination of 290 kg of simulant), in spite of the possible er- 
rors outlined above, are considered to be entirely adequate for 
operational planning and use of the spray tank. This statement 
4s based on the apparent insignificance of the prediotion error 
4n comparison to the probable error in operational estimation 
of wind speed on one hand and, on the other hand, the large 
spread in release height-wind speed products in which the near- 
maximum area coverage oan be obtained. 
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V. Summary 


A. Near-maximum area coverages may be achieved at a 
large spread of release height-wind speed products. For the use 
of the simulant, with dissemination at full flow rate, released 
at a 90° or 270° angle with the wind direction, and the substan- 
tially complete release of the tank's contents, adequate predic- 
tions of area coverage have been obtained for most conditions 
likely to be encountered in operational use. It is likely that 
this same near-maximum area coverage may also be obtained from 
the dissemination of the contents of one spray tank of the toxic 
agent at any air speed, any angle of aircraft heading and wind 
direction, and any rate of flow of agent from the tank. It is 
@lso likely that this area coverage can be accomplished over 4 
large range of release height-wind speed products. Useful and 
reliable predictions for these ranges of products remain to be 
established for small angles of aircraft heading with wind di- 
rection, for decreased rates of flow, for air speeds above 500 
mph or below 450 mph, and for trials with the use of agent in 
place of simulant. 
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1.- Stain Diameter versus Downwind Distance for CW 442 Series. 
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Fig. 2.- Agent Recovery and Drop Diameter versus Downwind Distance 
for CW 442 A-1. 
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Fig. 3.- Agent Recovery and Drop Diameter versus Downwind 
Distance for CW 442 A-2. 
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Fig. 4.- Agent Recovery and Drop Diameter versus Downwind 
Distance for CW 442 A-3. 
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Fig. 5.- Agent Recovery and Drop Diameter versus Downwind 


Distance for CW 442 B-1. 
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Fig. 6.- Agent Recovery and Drop Diameter versus Downwind 
Distance for CW 442 B-2. 
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Fig. 7.- Agent Recovery and Drop Diameter versus Downwind 
Distances for CW 442 B-3. 
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Fig. 8.- Agent Recovery and Drop Diameter versus Downwind 
Distance for CW 442 B-4. 
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Fig. 9.- Cumulative Mass-Drop Diameter Speotra (Apparent) 
for CW 442, Phase A. } 


Virti-22 


RECOVERED AGENT, KG 


200 


a 
re) 


8 


50 





oc 
>450 >400 >350 >300 >250 - >200 > 150 > 100 > 50 
DROP DIAMETER, MICRONS 








Fig. 10.- Cumulative Mass-Drop Diameter Spectra (Apparent) 
for CW 442, Phase B. 
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Fig. 11.- Average Cumulative Mass-Drop Diameter Spectra 
(Apparent) for CW 442, Phase B. 
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Fig. 12.- Drop Diameter versus Apparent Rate 
of Fall for CW 442 Series. 
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TAB 2 


CAICULATION OF SPREAD FACTOR 


Advantage was taken of "paired sampling" on these trials to 
determine a spread factor based on conditions actually occuring 
during the spread of the dyed simulant in the field. The assump- 
tion has been made that the volume of simulant collected on the 
filter paper is equivalent to the volume collected on that por- 
tion of the Printflex card having the same area as the exposed 
portion of the filter paper. The volume collected on the filter 
paper was measured as mass and converted by assuming a density 
Ofal. 


Therefore, for the J+, set of paired sampling cards 
n 
Al s I y3 
as Va=Vo= >) 6D, 
isl 
where V = simulant recovery by volume 


@ = by chemical extraction analysis 
(filter card) 


c = by arithmetical computation based on drop 
stain diameter (Printflex card) 


D = drop stain diameter 


Dp? 


ae 
Va rea WAN 


qo 


Since the equality of No. 2 is not encountered, it becomes neo- 
essary to introduce a weight "k" or "Spread Factor" which will 
create this balance. Hence, 


6 3 Zi 3 
3. = Va =k eh bye 
3 n * 
4, = 6 >xA D 
k 7p Ve depey ci 
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Evaluating a weighted average k or Spread Factor 


n n 
Ses = >) kVa+ 5 Va 
j=l j=1 


The derived "k" or "Spread Factor" for each set of sampling cards 
of the trial B-3 is listed under Column VII, Table 5. The factor 
is based on data from this test only. Substituting appropriate 
values into equation No. 5 above 


kK, = 4.0849 + 30.900 
= 0.1322 


Thus, if the ratio of the estimate by chemical analysis to 
the estimate by arithmetical computation is k,, indicated above, 
the estimate by arithmetical computation to the estimate by chen- 
ical analysis is the inverse of k, or 7.57. 
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TABLE 1A: Stain Size Data for CW 442 B-3 
DROP STAIN SAMPLING LOCATION (Row and Position) | 
DIAMETER 390-347 390-355 390-403 


m 





2 | 


u. 


B 





VI i l= 39 


26 

Wt, 

Chegs! 

59 

aU 

rasp 2 LoOpoce 

Ben 1: 10.648 

2.3 1 12.167 

2.4 1 13.824 2 27.648 

aod 

2.6 3 S25728 1 17.576 1 
mle 4 78.732 3 
e.6 ‘i 153.664 2 43.904 2 
een 6 146.334 2 48.778 9 
<. Hea 8 216.000 7 189.000 7 
Ged 3 89.373 2 S9EOGr 3 
Oen if 229.576 10 327.680 8 
3.9 2 71.874 4 143.748 5 
3.4 3 LM. 91e2 5 196.520 3 
Sed 1 42.875 i: 
5.6 1 
5.7 1 
5.8 54.872 

= ee) 

4,0 

4.1 u 

wee 

By) 

4.4 

4.5 

4.6 

rey | 

4.8 





1238.738 1197.616 1915.408 





TABLE 1B: Stain Size Data for CW 442 B-3 


DROP STAIN SAMPLING LOCATION (Row and Position 
DIAMETER 390-507 390-539 mame 90255500 


a ee Se ea 
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13.824 1 13.824 
. 1 15.625 
. aul 2 35.152 
. r 39.3566 5 1 19.683 
4 2 43.904 4 11 241.472 
° 3 73.167 & 7 170.7235 
. 8 216.000 5 6 162.000 
: 14 417.074 3 9 268.119 
el 688.128 & 10 327.680 
. 6 215.622 2 
: 6 235.824 2 2 78.608 
. 12 514.500 Z 1 42,875 
ks 186.624 








109.744 
59.319 
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91.125 
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TABLE 2A: Stain Size Data for CW 442 B-3 


DROP STAIN SAMPLING LOCATION (Row and Position 
DIAMETER 414-403 414-547 414-555 414-563 


3 | Num- 3 Num- 
(mm ) (mm ) ber =D ber 


16.000 
18.522 
10.648 
24.334 
124.416 
78.125 
281.216 
236.196 
417.088 
195.112 
245.000 
119.164 


anon & OF 


e 
HH Ol ol 


1.3 
1.4 
1.5 
1.6 
1.7 
1.0 
V.9 
2.0 
2el 
2.8 
2.9 
2.4 
2.59 
2.6 
2.7 
2.8 
2.9 
3.0 
Die J 
3.2 
3.5 
3.4 
3.5 
3.6 
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TABLE 2B: 


Stain Size Data for CW 44e B-3 


DROP STAIN SAMPLING LOCATION 


DIAMETER 


| 414-579 414-636 414-651 414-659 


Nun- : Num- ' | Num- Num- 
30° 


e ee ¢ e ee oe ee 8 @® @&@ ©@ es 
ANP ANDHOUWUDARAPANDKHOODAARMS 


1 
} 
1 
1 
1 
1 
my 
2 
2 
2 
r 
2 
2 
Be 
2 
2. 
2 
3 
3 
3 
%) 
3 
3 
3 


OraArONAYNDAUA 





863.439 426.551 781.346 795.164 
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TABLE 3A: Stain Size Data for CW 443 B-3 
















DROP STAIN SAMPLING LOCATION (Row and Position 
DIAMETER 438-555 438-571 438-579 






(a=)| (0)8 | per 
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946.138 927.175 862.406 883.476 1703 .196 
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" TABLE 3B: Stain Size Data for CW 442 B-3 


DROP STAIN SAMPLING LOCATION (Row and Position)  — | 
DIAMETER 438-611 438-627 438-659 438-667 


Num- Num- Nun- Nun- 
(na)? 
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. 135.182 
° 63.112 76.832 
° 27.000 3.975 16.875 108.000 
° 8.192 4.096 131.072 
° 24.565 176.868 
. 46.656 17.496 34.992 139.968 
° 75.449 41.154 137.180 
112.000 24.000 192.000 240.000 
129.654 120.393 138.915 314.874 
158.424 212.960 276.848 362.032 
153.837 182.505 182.505 73.002 
55.296 124.416 96.768 82.944 
46.875 125.000 171.875 156.250 
70.304 123.032 70.504 55.152 
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27.000 





21.952 21.952 
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TABLE 4A: Stain Size Data for CW 442 B-3 


DROP STAIN SAMPLING LOCATION (Row and Position) ——_—si 


DIAMETER 486-283 486-563 486-571 486-259 


3 | Num- 3 Num- 3 Nun- 4 Num- 3 
Gom)| (om)? [por | 0° [por | E08 [per | co? [oer | eee | 









250 







3.072 
4.374 
18.000 
26.620 
69.120 
92.274 
82.320 
81.000 
147.456 
49.130 
58.320 
54.872 
112.000 
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TABLE 4B; Stain Size Data for CW 442 B-3 


DROP STAIN SAMPLING LOCATION (Row and Position) | 
DIAMETER 582-267 582-659 654-275 


Tee Pee [| a 













Og 670 6, «ef “ee el) © eller 6) 0) *e 
PFODHODDANA YN FS OD 


Ouse )i ©. Ves. es “ele « we. 6 
PandHr OW OAAM 





84.772 | 150.002 117.744 
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TABLE 5: 
CW 442 B-3 


I ana III 
LOCATION 


FILTER PAPER 
SIMULANT VOLUME 
Va 


(mm )® 


VIL lT=43 


Vv 
PRINTFLEX 
n 
x D® 
a 


1,238.738 
1,197.616 
1,915.408 
3,014.813 
850.157 
1,450.506 
1,763.821 
1,775.982 
715.733 
837.926 
983.816 
863.439 
426.551 
781.346 
795.164 
946.138 
929.175 
862.406 
883.476 
1,703.196 
1,001.701 
1,208.808 
1,305.337 
2,171.444 
- 69.532 
475.928 
847.752 
40.434 
84.772 
150.002 
117.744 


0.001079 


002280 
000359 
001942 
001505 
001283 
001364 
002904 
-001987 
003271 
-004902 
001305 
-OOO51E 
001259 
-002318 
002392 
-001942 
003765 
001827 
001721 
~000667 
003168 
-001170 
000457 
002747 
004055 
002467 
003070 
002815 
004584 
-002190 


Summary Sheet, Volumes, Diameters, and Spread Factors for 


0.10257 
13162 
07107 
12476 
11469 
11140 
11091 
14266 
212574 
14844 
- 16987 
10928 
-08051 
10797 
013254 
13374 
012477 
15557 
012224 
11984 
08739 
14686 
10537 
07705 
14005 
15944 
13512 
214534 
14122 
16611 
~12986 
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DISCUSSION 


In planning the dissemination phase of engineering test- 
ing, a decision was required as to the combinations of release 
height and wind speed that minimized the probability of unsatis- 
factory spray tank performance going undetected. These were 
selected to insure sufficient separation of the droplets to allow 
their sizing and counting. With the droplet spectrum, settling 
rates can be calculated, allowing & general mathematical descrip- 
tion of the system. It was thus decided to obtain the droplet 
size data and to use available theoretical techniques to determine 
contamination density and area coverage. 


CHEMICAL DISSEMINATION 
OBJECTIVES 

Primary 

To determine if the performance reliability, maintenance 
requirements, and suitability of the Army Interim Defoliant System 
for the OV-1 (MOHAWK) aircraft meet the SDR. 
Soletee, cecondary. 

a. To obtain data for prediction of contamination densi- 
ties and area coverages for a variety of release heights and wind 
speeds. 


b. To determine mass-droplet size spectra. 


c. To obtain liquid agent recovery data from horizon- 
tally positioned samplers at ground level. 


d. To measure the flow rate resulting from two settings. 
METHOD 
Munition 
e. On each trial, one spray tank was attached to the 
pylon at wing station 185 on each wing of an OV-1 (MOHAWK) air- 


craft. The flow rate of the spray tanks was preset before each 
trial. On Trials 1, 2 and 3, all 32 nozzles were used for maximum 
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tank flow rate. On Trials 4, 5 and 6, every other nozzle was used, 
a total of 16, reducing the flow rate. 


b. The agent-filled tanks were stored at ambient temper- 
ature in the hangar until just before spray time. Thermocouples 
were installed on the tanks to measure temperature of agent at 


spray time. 


c. On each trial, each spray tank was weighed before and 
after filling and after release of the agent. The amount of mate- 
rial used and the amount of material remaining in the sprey tank 
was recorded. A sample from the dyed agent lot used to fill the 
spray tanks was supplied to the laboratory. 


Agent 


Approximately 160 gallons, 75 to 80 gallons per sprey tank 
(363 to 387 kg), was required for each trial. The agent fill was 
dyed with 6 grams of Du Pont Oil Red (C.I. 258) per liter of agent. 


Flight Procedures 


a. Release Height: The release height selected was such 
that the product of the release height (feet) and wind speed (mph ) 
would approximate 6,000 feet miles per hour for the 600 gpm trials, 
and 3,000 feet miles per hour for the 400 gpm trials. These prod- 
ucts insured droplet separation. The flight line and release 
height were determined by the Test Officer in the field. 


b. True Air Speed: 200 knots (230 mph). 


c. Flight Line Requirement: Flight and aiming point 
markings were installed before each +rieal to indicate the line of 
flight, aiming point, point of discharge and cut-off point as indi- 


cated in Figure l. 


Photographic 


a. Documentary motion pictures and still photographs were 
taken of the spray tank filling operations, the spray cloud during 
emission, and subsequent downwind travel. 


b. Emission altitude, length of emission, emission time, 
discharge point in relation to the grid, and speed and line of 
flight of the aircraft were obtained from phototheodolites located 


at three positions. 


c. On all trials, the contaminated Printflex cards were 
microfilmed. To permit droplet size stabilization, the cards were 
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not photographed until 24 hours after each trial. To minimize 
fading of the dye in the agent, the contaminated cards were stored 
in a dark roon,. 


Sampling 


On all trials, one horizontally positioned, ground level 
Printflex card (size 6 by 7 inches) and one filter-paper sampler 
were placed at each of the positions indicated in Figure 1. The 
filter-paper sampler (consisting of three layers of E & D Number 
618 filter paper with an exposed area of 143.7 square centimeters ) 
and the Printflex cards were attached, side by side, to stainless 
steel holders. 


Meteorological 


8. On each trial, one 30-meter profile mast, and two 16- 
meter mests were installed on Downwind Grid as indicated in Figure 
1. In addition, one meteorological station was installed immedi- 
&tely upwind of the spray release line to obtain pibal data and 
other required observations, 


b. Meteorologicel data was measured and reported in 
accorda:ce with Meteorology Division SOP NO. 1, subject: "The 
Processing of Field Test Meteorological Data," dated 22 August 
1962, The pibal data was used to obtain the mean wind direction 
and speed from surface to release height. 


caboratory 


@. Following each trial, all filter papers were detached 
Trom their holders and returned to the laboratory where the filter 
papers were assayed by ultra violet spectrophotometry. This method 
of analysis showed greater sensitivity than the colorimetric method 
called for in the test plan DPGTP C432 (Reference b, Part I). 


b. The control samples from each dyed agent lot were used 
by the laboratory for the preparation of standards for the analyt- 
icel assay of each trial. 


c. The microfilm negatives of the contaminated Printflex 
cards, obtained on each trial, were forwarded to the laboratory for 
@ mass-droplet size spectra determination. An Automatic Spot 
Counter and Sizer (ASCAS) was used to optically scan a 9- by 9-mil- 
limeter area of the film and compute the number of droplets in each 
of ten size categories for each Printflex card. From these data a 
mass median diameter (mmd) was determined for each trial. A com- 
plete description of the equipment and the methodology used in 
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making the mmd determination is conteined in Dugwey Summary Report 
64-10 (Reference h, Part I). 


RESULTS 
Munition 


a. The amount of agent disseminated on each trial is 
shown in Table 1. 





Table 1 Agent Dissemination Data for (432 

: ae left Tenk Right Tank® Be 

| _[poues [aatogren 
1 wa NA NA NA NA NA 
2 465.5 rep hy 467.0 221.8 9524.5 423.0 
3 471.0 eioLo 565,0 242.0 1004.5 455.6 

| 4 92140 | 148.6 465.5 211.2 793.0 559.68 

| 3) | 334.0 Je pete 24.0 Owe 358.0 162.4 

| 6 o0e.0 | toon 370.5 168.1 | Tee.s | 527.8 





&Forward coupling hose from pump ruptured on Triel 4. Gete 
valve only partielly opened on Trial 5. 


bNot available, refer to paragraph b, below. 
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Agent Recovery 


The agent recovery, that is, the weight of liquid 
agent accounted for within the sampling array, was used as a 
rough measure of tank efficiency. Agent recoveries are based on 
the chemical analysis of the horizontal filter-paper samplers. 
Filter-paper contamination densities, in milligrams per squsre 
meter, were converted to a total recovery estimate using the 
point-count method. In this technique, area coverage is ascer- 
tained by assigning fixed areas to each sampler and assuming that 
the sample recovered is representative of the average contamina- 
tion over the area assigned for that sampler. A summary of agent 
recovery data is given in Table 5; complete data are presented in 
Appendix I. On Trial 1, the spray release mechanism was activated 
erratically and no recovery estimates were obtained. 


Spray Tank Flow Rate 


Spray tank flow rates were estimated from graphs. 
The liquid recoveries, in gallons, for the first several downwind 
rows showing average contamination densities of at least 100 mg/n%, 
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Table 3 Liquid Agent Recovery Data for 0432 


AMOUNT OF AGENT | AMOUNT OF AGENT | ESTIMATED AGENT 
DISSEMINATED RECOVERED RECOVERY 


(gm) (gm) (4) 


422,975 359,753 


455,634 470,516 
359,699 364,110 
162,386 158,474 
327,721 281,247 





were plotted cumulatively against the crosswind distance repre- 
sented, in meters. From the speed of the aircraft, the crosswind 
distance was converted to dissemination time, in seconds. The 
Slope of the line, in gallons per second, was then used as the 
estimate of average flow rate. These estimates are shown in 


Table 4. 


Table 4 _. Spray System Flow Rates (Two 
E44 Tanks) for C432 


ESTIMATED FLOW RATE 


TRIAL | speprrinc® 
ra alain? | ea 


5426.0 


3366.0 
2034.0 
2054.0 
2034.0 





The flow rate specification. sequires that 
"the maximum flow rate of the system |two 44 spray tanks] shall 
be at least 600 gallons per minute, and lower rates shall be se- 
lectable by ground adjustment." Table 4 data show that this 


requirement was met. 
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pz yg Rages Meteorological 


A summary of the general meteorological conditions 
existing during spray release is given in Table 5. Complete 
meteorological data are on file at DPG. 


mee sc Droplet Spectra 


a. The number and size of the droplet stains 
appearing on each Printflex card were determined for Trials 2, 3, 
5 and 6. No droplet data were obtained on Trials 1 and 4. From 
these counts, the mass median diemeter of the droplet cloud was 
calculated. The results are shown in Table 6. On both of the 
trials using full flow rate, the criterion of the TIC, that the 
cloud have a mass median diameter lying between 250 and 300 
microns at an aircraft speed of 200 knots, was satisfied. On the. 
two trials et half flow, that is, with half of the dissemination 
nozzles operating, the mass medien diameter was slightly less than 
250 microns. ~% was, however, large enough to insure rapid fall- 
out of the droplet cloud. As shown by Table 6 data, performance 
of the system with respect to specified droplet size was thus 


satisfactory. 


Table 6 . Mass Median 
Diameter Determinations For 
C432 


MASS MEDIAN 
TRIAL DIAMETER 
(Microns ) 


NUMBER 





Dig All droplet data were reduced using an Auto- 
matic Spot Counter and Sizer (ASCAS). This machine uses optical 
contrast to scan the microfilm negatives of the contaminated Print- 
flex cards, and determines the total number of stains in each of 
ten stain-size increments. Stain sizes are converted into droplet 
diameters using a digital computer, which assigns a stain-to-droplet 
conversion factor for each increment. After that conversion, the 
computer calculates that droplet diameter having one-half of the 
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total mass accounted for by larger diameter droplets and one-half 
by smaller droplets, that is, the mass median diameter. 


Flight Results 


Spray release data, obtained photographically, are 
summarized in Table 7. 


Table 7 Flight Data for C432 F 


(feet/sec) 





®Data given for midpoint of dissemination line. 
bind point includes calculation to point of visible trail- 


out. 
No computations were made. 


Area Coverage 


a. As indicated above, all dissemination tests 
were designed to minimize the probability of unsatisfactory per- 
formance going undetected. Accordingly, on all trials the spray 
release height was selected to insure a distinct separation of 
droplets, which was needed to insure accurate size and mass dis- 
tribution measurements. These measurements were required for two 
reasons, First, they allowed the conclusive demonstration that 
the droplet mass median diameter was between 250 and 300 microns, 
e TTC requirement (see paragraph 2.1.3.5, above). Second, they 
provided performance data needed to select and refine a prediction 
equation relating system effectiveness, which in this case was 
areé coverage at contamination densities exceeding 3 gallons per 
acre, and the three operational deployment parameters, release 
height, wind speed, and flow rate. 
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b. The mathematical analysis is discussed in 
detail in paragraph 2.1.4, below. As shown there, an excellent 
agreement between observed and predicted results was obtained. 
Area coverage for two flow rates and five combinations of height 
and wind speed were then calculated. The results are shown in 


Table 8. 


oo It was on the basis of Table 8 calculations 
that the spray system was found satisfactory when judged against 
the SDR requirement that the two-tank system"... be capable of 
depositing up to three gallons of agent per acre of target area," 
as well as the TTC requirement that "the spraying system shall be 
designed so es to provide a deposition rate of up to 3 gallons per 
acre over an area of approximately 17 acres." 


ANALYSIS 


Introduction 


The analysis required to demonstrate the setisfactory 
performance of the spray system consisted of the straight forward 
presentation of data with respect to two of the three criteria, 
the droplet size distribution at an air speed of 200 knots and the 
maximum flow rete criterion. Demonstrating that area coverages as 
great as 17 acres would be contaminated at densities as great as 3 
gallons per acre required considerable analytical study. The con- 
putational procedures followed are discussed in this section. 


Area Coverage Analysis 


Statement of the Problem--Tne problem was to predict 
tne 8&~cva coverage of the spray system at contaminetion densities of 
up to 3 gellons per acre, or 3.5 grams per square meter, from field 
data giving actuel area coverage at contamination densities of 0.7 
grams per square meter, one-fifth the desired amount. 


Technical Approach--Three graphical solutions to the 
general differential equation for atmospheric diffusion and set- 
tling* were found by substituting field test data into the equation 


an excellent outline of the approach followed 


in this analysis is given by Pasquill, Atmospheric Diffusion, New 
York: D. Van Nostrand Company Ltd., 1962. pp. 229 ff. 


IX-11 


Table 8a Area Coverage Estimates and Swath 
Widths, in English Units, for the Defoliant System 


CONTAMINATION DENSITIES 


3 Gallons/Acre | 1.5 Gallons/Acre 


ares swath area 
coverage | width | coverage 
(acres) | (feet) | (acres) 





®Release height-wind speed product. 


Table 8b Area Coverage Estimates and Swath 
Widths, in Metric Units, for the Defoliant System 


CONTAMINATION DENSITIES 


FLOW RH-WS® 3.5 grams/m” 1.75 grams /m© 


RATE PRODUCT 


(kg/sec ) (m-m/sec) ares area 
coverage coverage 


(ha ) 





“Release height-wind speed product. 
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and solving for the remaining unknowns. The curves obtained are 
shown in Figures 2, 5, and 4. In the predictions of area coverage, 
Shown in Table 8, the curve 2 equation was used. This equation, 
identified by Pasquill? as the Rounds-Godson equation, rests on 
three key assumptions, all valid in this case. 


Q.  Xiax: the downwind distance to the line of maxi- 
mum concentration, is a linear function of the height-wind speed 
product; 


b. A Single average value can be used for the 
settling velocity of the droplet cloud; and, 


c. The droplets are sufficiently large to overcome 
the drifting associated with changes in atmospheric stability. 


The equation used in fitting curve 2 was a simplified form of the 
Rounds-Godson equation, 


p+l 
019.6) = (= exp -(f/X), 





where X is downwind distance (meters), C(X) is the average contami- 
nation density at that distance (grams per square meter), Q is 
average source strength (grams per meter), f is the operational 
parameter proportional to the release height wind speed product, 

p is the droplet parameter proportional to the setiling velocity, 
and [ is the gamma function 


© p-1l 


r(p) = fx o7* ax: 
[@) 


The parametric values obtained in fitting curve 2 are shown in 
Tablewe. 


Table 9 (UNCLASSIFIED). Derived Constants 
Used in Curve 2 Analysis (U). 


2,194.56 


2,789.78 
1,691.40 





*Pasquill, op. cit., pp. 229-230. 
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CONTAMINATION DENSITY (gm/m) 





DOWNWIND DISTANCE (m) 


Average Contamination Density as 4 Func- 
tion of Downwind Distance for Three Diffusion Models, 
C432, Trial 3 


Figure 5 
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iT _ 


Area Coverage Estimates 


Area coverage estimates were obtained in a straight- 
forward manner from the above equation. The value of p was taken 
8s & constant, 5.48, corresponding to the assumption that the 
observed droplet diameter distribution will be generally constant. 
The value of f, whioh was taken as proportional to the release 
height-wind speed produot, changed for each combination of release 
height and wind speed for which predictions were made. The rela- 
tionship used in calculating the area coverage and swath width 
predictions of Table 8 was based on an f equal to 2.6467 times the 
release height-wind speed product, or, 


f = 2.6467 (RH xT). 


With values of f and p established, the calculation of tables 
needed to establish swath width and area coverage was accomplished 
on a digital computer. Typical curves are shown in Figures 5 and 6. 
From these curves, the swath width, X, at a given contamination 
density, Y, can be directly read as the interval between the 
ascending and descending portion of the curve. All values shown 

in Table 8 were derived by an analogous procedure. Area coverage 
estimates were then mace by multiplying swath width times the 
length of the release line. 


Performance Reliability 


@. With correction of minor mechanical difficulties, 
performance reliability, defined by the SDR as the probability of 
effective dissemination of agent on target, will be determined by 
the combined effect of release height and wind speed. Release 
height can be selected. The remaining variable will then be the 
ratio between the wind speed estimate available to the pilot and 
the wind speed encountered by the droplet cloud. As that ratio 
epproaches unity, the probability of hitting the target effectively 


will approach 100 percent. 


b. The accuracy with which effective wind speed can 
be predicted varies widely. It is a function of climate, terrain, 
and season as well as the general meteorological survey data avail- 
able. For that reason, establishing compliance with the SDR 
paragraph specifying system reliability was beyond the scope of this 
test. The extremes of height and wind speed for the system are 
shown in Table 8. The prevalence in a specific operational theatre 
of effective wind speeds, as well as the accuracy with which these 
can be predicted must be established in the field, allowing selec- 
tion of spray missions under conditions for which system reliability 


is a msaxinun. 
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DESAL io awe bos 


INTRODUSTION 


Preliminary Ssmpier Investigaticn 


Karly in the t6st program. & $: 
was compiéted to lenicee a ths effert sampler criesntation on 
cOliection efficiency and to determines if *racz65 amounts of meth;- 
lene chiorids lowered the relietility of tns chemical analysis. 
Iwo types of sampiers were invesvigatsi, the snoot sampler ani 
the 6-15 Ail Glass Imvinger. The criticality of sampler ocrisnta- 
ticn with respest to the prevailing wind direction was ccnfirmed 
At orientation angiss exceeding 30 dsegress, i sme OLE 
sharply. Trases amcunts of methyleéns chicriie shoved no msasurabis 
effect on the rsliability cf the chemisal «4 


Ss of wini tunnel studiss 


Field Test Program 


This faasidility tsst was ccndustsi in eccordance with 
Referencs 2, and consisted of nins triais divided into two phases. 
On Phase A, six tower fly-by trials wsre conducted to define the 
possible effscts of agent soluticn toncantra*icn-spray boom 
orientation on the effective dispersal of the agent payload. 

Phase B consisted cf three trials using the fly-ty tower augmented 
by a horizontal downwind sampling arvay. Ihe program was <cn- 
ducted as outlined in Table 1. 


GHEMICAL DISSEMINATION 


Jojectives 
The otjactives sf this <tsst were: 


a. To dstermine the dissemination sfficisncy of th 
for the total and inhalable agent raturn raszovsred by sam 
the 96-meter tower. 


Gl 
ou 

Ww 
<i 
in 

oh 

© 
8 


Taplewle eles peOuLLinemtorsOby on 


NOMINAL 
ORIENTATION | NOMINAL SPRAY 
Soe ealte OF AIRCRAFT | RELEASE 


CS IN 
SOLUTION aire 





SThe orientation of the spray boom with respect to the 
horizontal line of flight. 
rial was repeated. 


b. To obtain a qualitative characterization of the vertical part- 
icle size distribution of the agent cloud from cascade impactor samplers 
on the 96-meter tower. 


c. To determine area coverage from samplers positioned 1.5 meters 
above the ground adequate to define the dosage 10 contour. 


Method 
Munition. Munition procedures were as follows: 


a. Agent Preparation. The agent used on these trials was 
prepared in a mixing vessel, equipped with temperature control and pow- 
ered stirrer, in 605.6-liter (160-gallon) batches. The 10-percent 
solution was prepared by dissolving 79.8 kilograms (176 pounds) of CS in 
718.5 kilograms (1,584 pounds) of methylene chloride. The 20-percent 
solution was prepared by dissolving 159.6 kilograms (352 pounds) of CS 


in 638.6 kilograms (1,468 pounds) of methylene chloride. The solution 
was agitated for about one hour. Samples were withdrawn at 15-minute 
intervals and viscosity measurements made to assure homogeneity of the 


solution. 


b. Filling Procedure. The solution was transferred from the 
mixing vessel into the E44 tank using a pipe connected from the outlet 
cf the mixing vessel to the tank filling port. The closed system was 
pressurized to 5 psi to permit ease of liquid transfer. Thermocouples 
were attached to the outlet of the mixing vessel and the skin of the 
tank being filled tc monitor fluid and ambient temperatures during the 
filling process. Prior to filling, the tank was given 4 furctional 
check and weighed. The tank weight was carefully monitored during the 
filling process tc insure that the flight certified weight of 487.6 
kilograms ala ey a) pounds) was nct exceeded. The weight cf the full tank 


was recorded. 


c. Aircraft Mounting. Each tank was mounted to the standard 
14-inch lugs under the wing of the OV-1 aircraft. The tank was given 4 
functional test (to assure proper operation of the gate valve) and then 
pressurized to 2 psi. After the mission was completed, the tank was 
weighed to determine the amount disseminated. 


d. Tank Pressure Instrumentation. On Trials B-2 and B-3, two 
pressure trarsducers were installed on Tank No. 2 to measure boom and 
tank pressures during the dissemination. A O- to 50-psi transducer was 
connected to the end of the spray boom, with a +7.9-psi transducer 
connected tc the tank. Rcth instruments were calibrated prior to the 
flight and pressures were recorded during dissemination. 


Flight Path. On sach trial, the aircraft passed approximately 
91 meters (300 feet) upwind of the 96-meter tower on a line approxi- 
mately normal to the prevailing wind direction. The nominal aircraft 
speed, height, and other pertinent information relative to the mission 
are given in Tatle 1. The pilot reported instrument speed, height and 
bearing along with pertinent observations for each trial. 


On each trial, wind direction, wind speed, 

ta were measured on the 96-meter 

On vach Phase B trial, three portatle 
2-meter masts were located 200, 1,000, and 2,000 meters downwind of the 
96-meter tower along the prevailing wind direction. The 2-meter wind 
direction and speed were recorded at these portable mast locations. 
Data from the profile mast were telemetered to the meteorclogical van, 
located approximately 500 meters from grid center on an azimuth of 140 
degrees. Data at the portable stations were recorded lacaliy and rs- 
trieved after ths triai was completed. Other pertinent surface and 
upper air observations were recoried at the meteorological var. 


MetecroLogical. 
temperature gradient and bivane da 
profile mast (the fly-by tower). 


Sampling. The sampling procedures were as follows: 


a. Phase A: 


(1) The 96-meter tower was instrumented with one impinger 
and one snoot sampler at 2-meter intervals from 1 through 96 meters. On 
each trial, the 96 samplers were aspirated at the rate of 6 liters per 
minute. Aspiration was begun at Z-2 minutes and continued until the 
cloud passed through the tower, providing data at each 2-meter interval 


from deto 95 meters. 


(2) Nine cascade impactor samplers were poSitioned at 10 
meter intervals from 10 through 90 meters and aspirated at the rate of 
17.5 liters per minute from Z-2 minutes until the cloud passed through 


the tower. 
b. Phase B: 


(1) One impinger and one snoot sampler were positioned at 
e-meter intervals at each of 48 stations on the tower and aspirated at 
6 liters per minute from Z-2 minutes until the agent cloud passed through 


the tower. 


(2) Cascade impactor samplers were positioned at 10-meter 
intervals from 10 through 90 meters on the tower. The samplers were 
aspirated at the rate of 17.5 liters per minute from Z-2 minutes until 
the agent cloud passed through the tower. 


(3) One BC sequential sampler was poSitioned at each of 
the 440 positions shown in Figure 2, with the intake of the bubblers 1.5 
meters above the ground. Hach sampler was equipped with five impingers 
and aspirated at the rate of 6 liters per minute in accordance with the 


following schedule: 


Bubbler Sampling Interval 
Number minutes 

Hh Zo 22) tora+ 

2 Zee COOL EEO 

3 Z+ 95 to Z+10 

4 Z +10 to End of test 


&Z denotes emission time. 
Field controls were taken upwind of 
the flight line. 


! (4) One impinger bubbler was positioned 4.5, 9.1, 13.7, 
18.2, 22.8, and 27.4 meters above the ground (15, 30, 45, 60, 75, and 
90 feet) on each of six towers shown in Figure 2. These towers were 
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used to provide supplemental data on the vertical dosage profile down- 
wind of the 96-meter tower on trials cn which these towers fell in the 


path of the agent cloud. 


(5) Deposition samplers were located as shown in Figure 2. 


(6) Following each mission, the aircraft was inspected for 
visible signs of ccentamination. Representative areas were swabbed and 
identified. 


Phetographic. The photographic procedures were as follows: 


a. Motion picture coverage was provided from upwind and flank 
positions to record the agent cloud traversal throvgh the tower on all 


rials. 


b. Three cinetheodolite positions were used to ortain discharge 
altitude, length of discharge, discharge time, discharge point in rela- 
tion to the grid, and aircraft speed and line of fiight. 


c. Documentary moticn pictures and still photcgraphks were taken 
of agent preparation, filling operations, aircraft loading operations, 
emission spray line, visual effect of spray upon Samplers, ard decontan- 
ination operations. 


Latoratory. The laboratory prcosedures were as follows: 


a. A quantitative analysis was made separately on the contents 
of each impinger bubbler fcr agent CS. 


b. Each stage of each cassade impactcr sampler was analysed 
separately for ths quantitative amount of agent CS. 


c.- Agent content by weight and the visccsity of the agent solu- 
tion were determined on samples drawn from each agent -batch. 


Results 
Muniticn. The munition results were as folicws: 


a. Agent Preparation. All agent scluticn was prepared as des- 
crited in paragraph 2.2.2.1,a. CS Agent Let Number 2013-42-124 and 
Methylene Chloride Lot Number NG-46 were used tc prepare all agent solu- 
tion for this test. Pertinent data, including scluticn temperatures and 
ambient air temperatures, are listed in Table 2. 


Aircraft and Flight. The CV-1/E44 spray system was operated at 
speeds of 87 to 115 meters/second (169.0 to 223.4 knots), and emission 
heights of 27 to 64 meters (88.6 to 209.9 feet) above terrain. Both 
Single-tank and duai-tank emissions were achisved. A summary of opera- 
tional data is presented in Table 5. 


Meteorological. A summary of ths meteorological sonditions 
existing at cr near spray release time is presanted in Table 6. The con- 
tinuous chart recordings obtainsa for the tivanes on Trials A-1R, A-3, 
P-1, B-2, and B-3 were processed. On the Phase A trials, thess data were 
reduced to means and standard deviations of elevation angles based on a 
2£.5-minute averaging time for 4a 10-minute psriod. On ths Phase B trials 
means and standard deviations of azimuth and 6levation angles were 
reduced from the charts at 2.5-minute averaging times for a 19-minute 
period. All data were forwarded to the test sponsor. CGomplste data are 
on file at DPG and sopies may be obtained upon request. 


Sampling. Sampling results wers as follows: 


@. Preliminary Studies. A series of wind tunnel “rials were 
conducted to estimate the general limitations of snoot and impinger 
samplers under field sonditions. 


(1) Trials were conducted at three nominal wind speeds, 4, 
8, and 12 mpk, giving three points on the wind speed-collection effi- 
ciency curve for each device. Recoveries, uncorrected for fallout upwind 
of the sampling station, are shown in Tabls 7. Table 7 a_so shows the 
standard deviation for the recovery data obtained. 


(2) The failcut sampler selected was a piezse of pclyethy- 
lene sheeting coatsd with a 10-persent solution of iow density 
polyisobutylene in benzene. This sampier gave a qualitative indication 
of agent fallout. 


b. Fiald Tast Sampling Results. Results obtained en the field 
tests were as follows: 


(1) Tower Recovery Results. Four triais were used to 
estimate weapon efficiency (Trials A-1R, A-3, 5-1, and F-3). On the two 
single tank/l0-percent solution trials (A-1 and A-2)\, flow rates were 8.2 
and 9.4 grams per meter. All dosages fell below the sensitivity of the 
chemical analysis. On two trials (A-2R and £-2), sudien changes in wind 
direction, together with thermal turbulence, rssuited in the coliestion 
of extremely scattered data. No recevery salczuiation was attempted. On 
Trials A-2R and B-2, the shift in wind direction with respect te the 
sampler orientation exceeded +50°, the upper limit for the type sampler 
used. A summary of the tower results is presentsd in Table 8. On Trial 
A-4, no data were cbtained. 
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Table 8. Summary of Fly-by Tower Results for C679. 








Q, 
AMOUNT OF R, (R/Q) 100, 
cutie Wee AMOUNT OF DISSEMINATION 
DISSEMINATED AGENT RECOVERED EFFICIENCY 
pany (em) (4) 
A-1R 22.79 16.90 74,13 
4 110,82 351.61 
A-<s 44.0% 25.369 57,538 
B-1 40.33 49,98 123.95 
B-3 38.46 4.93 12.82 


a ee 1a 
These data were obtained from snoot samplers. 


A complete analysis is given in Appsndix I. The results cttained indi- 
cate that the type of droplet-aerosol cloud generated on these trials 
fails to meet the restriction inherent in the standard vertical recovery 
calculation procedure. Snoot and impinger samplers were positioned in 
pairs at each levei on the tower for each trial to compares wind tunnel 
and fisld test rssults. Adequate data, fcr comparative purposes, were 
obtained from ths snoot samplers on only ons trial. Ths resovsry results 
obtained on Triai A-3 with snoots are listed in Table 8. Dosags data 

for each sampling lavel cn Trial A-3 ars containsd in Appendix I. 


(2) Vartical Clsud Profile. The sampling data obtained 
from the tower on Trisis A-1R, A-2, B-1l and £-35 dsfine ths dcsage pro- 
file of the agent sloud during passage. The vertical height cf ths 
cloud and dosage variations with respect to height are aiso defined. 

The dosage values for sack sampling station are prasented in Appendix I. 


:3) Daposition Samplers. Ths resuits cztained from iepcsi- 
tion samplers wers as fcliows: 


(a) Horizontal Sampling. On esch of the Phase B 
trials, a deposition sampler was placsd 1.5 matars accve tha ground at 
each cf the stations ccmprising the horizontal sampiing array. Agent 
fallout was collested by these samplers on each triai. The results 


obtained are given in Appendix I. 


(6) Upwind Sampling. Trres rews of saven deposition 
samplers each were poSizioned on ths ground upwind of the tower cn each 
trial to detest gross agent failcut pricr to the passage of the clicud 


through the tower. The center row of samplers was located perpendicular 
to the flight line and the tower. The remaining two rows were positioned 
parallel to the center row and offset 30 meters left and right. The 
interval between samplers on each row was 15 meters. Data wers obtained 
on six of the nine trials. Significant agent fallout was observed. On 
Trials A-l and A-2, no data were obtained because the low scurce strength 
and high wind speeds produced contamination levels below the sensitivity 
of the chemicai analysis. On Trial A-3, no samplers were used because of 
operational difficulties. The data obtained, given in ng/m, are con- 
tained in Table 20, Appendix I. 


(c) Tower Sampling. The use of deposition samplers 
on the tower was not originally planned. It was considered desirable as 
& qualitative tool after the low sourcs strength experienced on Trials 
A-1 and A-2. The deposition samplers located on the tower indicated that 
agent fallout was evident as the aerosol cloud passed through the tower. 
The data given in mg/m© for each station collecting agent fallout on 
Trials A-2R, A-3, B-2 and B-3 are presented in Table 21, Appendix I. 


_ (4) Partiole Size Sampling. No data were obtained from 
the cascade impactor samplers on this test. 


_ (5) Area Coverage. The areas covered by dosages greater 
than or equal to 5 and 10 mg min/m® during each trial of Phase B are 
given in Table 9. The dosage data obtained at each sampling station are 
presented in Appendix I. 


(6) Swab Sampling. Swab samples were taken after the com- 
pletion of several missions. The results cf the chemical analysis 
indicated that little or no contamination occurred. 





Table 9. Summary of Area Coverage Results for C679. 


STABILITY AREA COVERAGE (Hectares) » FOR 
(F?) THE INDICATED DOSAGE LEVELS (mg min/m°) 


EO 





&aThese saiyed are ascertained from the mean CRE te wind track. 
by x 104 m = 1 hectare. 
°Inoperative. 


SECTION 3. APPENDICES 
APPENDIX I. TEST DATA 


1. TOWER AGENT RECOVERY 


The agent recovered from the cloud passing through a single vert- 
ical sampling tower was used to provide an estimate of weapon efficiency. 
This estimate is the ratio of agent recovered (in grams ) per meter width 
of cloud volume to the average quantity of agent dispersed per meter 
length of emission line. The agent collected on the tower was converted 
to a total recovery estimate using the following computation: 


n 
R= V e u, D, ese @, 


i=1 
where: 

R = Agent recovery in grams per meter width of the passing cloud 

V = Uniform vertical distance, in meters, between sampling sta- 
tions on the tower 

n = Number of sampling stations collecting dosage 

u, = Average wind speed, in meters per minute, at the jth 
sampling station ascertained from a detailed analysis of the 
metecrological data 

D, = Dosage in mg min/m® collected at the ith sampling station 


6, = Angle of intersection formed by the line of flight and 
the wind direction with respect to the tower 


csc = Trigometric function used to adjust the dosages collected 
on the tower to emanate from an agent cloud traversing a 
path perpendicular to the emission line. 


The estimate provided by the above computation is dependent on the 
following unavoidable assumptions: 


a. The rates of diffusion are equal and self-cancelling along the 
entire length of the emission iine. 


b. The aissemination rate is cerstant; that is, crosswind homo- 
geneity in recovery exists. 


c. Ths vertical extent of the cleud is contained by the tower. 


aoe 


al Tke dissemination line is of sufficient Length to preclude edge 


= @ 


effects at the tcwer. 


e. Tks wind speed is constaxt at the th sampling level during the 
passage of the slcud through the tower. 


On this tes%, assumptions "c" and "d" appeared valid. The ramaining 
three were oper te question. Results from depesiticr samplers showed 
definite fallout of large droplets. Assumption "a" igncres losses from 
Such fallout. Strgss were clearly apparent from the movies cf the tests; 
thus F assumption “b'adses net apply. The wind fluctuated during the 
passage cf the cloud throa:gh the tower on at least two of ths triais 
us6éd in the anaiysis, rendering assumption "e" suspect. At best, the 
computational techniqus used provided results of a quauitativs nature. 

It is not recommendei that tne vertical grid recoveries cbhtained be used 
as an indicatcr cf weancn efficiency. 
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DETAILS OF TEST 


INTRODUCTION 


Data obtained from the B502 program provided some of the most 
complete information to date on the movement of particulate aerosols 
generated from a line source. ‘The program consisted of two phases - 
A and B. Phase B was an expansion of the Phase A objective. Details 
and results of both phases will be grouped together for convenience 
of disoussion, 


OBJESTIVES 
Refer to paragraph 1.4. 
METHOD 

Test Grid 


The test program was conducted on the Aerial Spray Grid (ASG) 
at Dugway Proving Ground. The grid, consisting of two arrays of 
three radial sampling lines each, is presented in Figure 1, The 
south array was utilized for northerly wind flows, and vhe north 
array for southerly wind flows, Samples were taken on this grid to 
24 kilometers (15 miles) downwind from the release line. For the 
Phase B trials, aerosol samples were taken only on the center radial. 


Dissemination 


The aerial FP releases were performed by a Model D dry parti- 
culate disseminator, the aerial BG releases by an Aero 14B spray 
tank, and the ground-level FP releases by a Mark IV Skil-blower 
aerosol generator, All releases were performed along the dissemina- 
tion line indicated in Figure 1, The aerial FP releases were made 
from an O-1A, a U-6A, or go JU-8D aircraft. The aircraft for each 
trial are listed in table 1. All BG releases were made from an A-4 
aircraft. The ground level FP releases were from two trucks driven 
simultaneously in opposite directions from the center of the indi- 
cated flight line. Several of the trials involved a double release. 
The ground-level FP releases were performed simultaneously with 
aerial releases, starting at the vertex of the grid array the moment 
the aerial disseminator passed directly over that vertex, 


Sampling Technique 


Sampling for Total Surface Dosages. Surface dosages were 
sampled to a distsnce of 24 kilometers (15 miles) downwind on the 
grid array by membrane filter samplers, placed on the grid arrays 
as pictured in Figure 1. Only the center radials (radials 18) were 
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Figure 1. Test Grid for B502. 
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utilized for the Phase B trials. Each sampler was placed 1.5 meters 
(5 feet) above the ground, and was aspirated at a rate of six liters 
per minute for a sufficient length of time to assure complete passage 
of the aerosol cloud. For trials involving BG, AGI in series with 
pre-impingers were placed in the same positions as the membrane 
filters. 


2.3.5.2 Sequential Sampling. To confirm total dosage collection and 
to accurately determine actual time of aerosol presence at a particular 
position, samples were taken by sequential samplers operated simultane- 
ously with the surface dosage samplers. Andersen samplers connected 

to a Windsos sequentializer were used in Phsse A; in Phase B, membrane 
filter samplers were connected to the sequentializers. Sequential 
sampling was performed in Phase A at the 8.0-, 16.1-, and 24.1-kilo- 
meter (5-, 10-, and 15-mile) positions on radials 6 and 18, and 4.8-, 
11.3-, and 17.7 kilometer (3-, 7-, and ll-mile) positions on radial 

30. Sequential sampling was performed st the 3.2-, 6.4-, 9.7-, 12.9-, 
and 16,1-kilometer (2-, 4-, 6-, 8-, and 10-mile) positions on radial 

18 during Phase B. Only BG was ssmpled in Phase A and only FP was 
sampled in Phase B, 


2.5.5.5 Tower Sampling. Petails of sampler placement are found in 
references 6, 9, 10, 11, of 4pperdix 1lii, Membrane filter samplers 
were placed at specified intervals, on the 100-meter tower (ASG Tower) 
at the vertex of the sampling array, and at specified intervals on 
30-meter towers located at the 0.8-, 3.2-, 9.7-, and 16.1-kilometerl 
0.5-, 2-, 6-, and 10-mile) positions on the center radial. For trials 
involving collection of BG, AGI's in series with pre-impingers were 
placed at the same sampling positions as the membrane filter samplers. 
In Phase B, model 60-A rotorod samplers were placed at the top three 
sampling position on each of the downwind towers in order to provide 
membrane filter - rotorod sampling comparisons, 


2.3.3.4 Balloon-Supported Sampling. Tethered balloons were placed 
at each of the downwind tower positions. Two hundred and forty-four 
meters (800 feet) of cable was used to tether each balloon.2 Model 
60-A rotorod samplers were placed at specified intervals on each 
cable to provide aerosol sampling above the height of the towers. 
Exact details of trial-to-trial placement of each sampler are found 
in references 6, 9, 10, and 11 of Appendix III, The sampling heights 
for the earlier trials were considered to be the distance from the 
lower end of the cable to the samplers. A clinometer was used to 





1 ihe 30-meter tower located at the 16,1-kilometer postion was utilized 
only in Phase B, 


2In the two supplemental Phase B trials, 305 meters (1,000 feet) of 
cable were used. 


ALT= 5 


determine the actual height of the samplers in the latter trials. 


2.5.4 Meteorological Coverage 


An extensive discussion of the instrumentation used on the 
ASG array to record the effects of the meteorological parameters of 
interest is found in references 6, 9, and 11 of Appendix III, The 
locations of the meteorological stations at which data were obtained 
are shown in Figure 1, To provide a more complete study of the meso- 
scale meteorological environment, pibal information was obtained and 
aircraft temperature soundings were made to an altitude of 555 meters 
(1,100 feet). Of special interest were the instruments used to record 
vertical wind fluctuations, In Phase A and in the first eight Phase B 
trials, the fluctuations were recorded on an Esterline-Angus (BA) 
chart, using standard Beckman and Whitley wind vanes mounted with the 
masts horizontal, oriented so that all vane rotation was in a south- 
east-northwest plane. The remaining Phase B trials were completed 
with Gelman bivanes. 


2.4 RESULTS 
2.4.1 Meteorological Results 


The B502 trials have been classified in four categories of 
meteorological stability conditions (reference 4, Appendix III), 
and are summarized in Table 2, Briefly these four categories are: 
(1) Releases in a stable layer above an inversion cap; (2) Releases 
in a stable layer below an inversion cap, above and below 50 meters 
and at surface; (3) Releases in a near-neutral layer with no invers- 
ion, above and below 90 meters; and (4) Releases made in light winds. 


Table 2 shows values of meteorological parameters (wind speed, 
temperature gradient, and cloud cover) characterizing the environment 
during aerosol travel. Detailed studies of the meteorological environ- 
ment are described in references 6, 7, 9, 10, and 11 of Appendix III, 
Descriptions of synoptic conditions influencing each trial are con- 
tained in Appendix I. 


2.4.2 Source Strength 


Effective source strengths were determined for each release 
(see references 6, 7, 9, 10, and 11 of Appendix III), and are listed 
in Table 1, FP releases in Phase A are expressed in grams. Green 
FP release results in Phase B were extrapolated from the Phase B 
yellow FP results. Quantities needed to determine source strength 
(munition efficiency, lot particle density, etc.) were precisely 
determined for the four supplementary Phase B releases; figures 
showing the effective source strength of these trials are therefore 
more exact. 
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Table 2. Description of Meteorological Environment for Each Successful 
araals B502; 






METEOROLOGICAL RELEASE MEAN TEMPERATURE GRADIENT" CLOUD 









CATEGORY AND TRIAL® | HEIGHT WINDSPEED> (F°) COVER 
(meters) (m/s) 0.5m - 15m] 0.5m - 100m] (10ths) 









Release Above Inversion Cap — 




















































B6 - Yellow 76 uf 

B6 - Green 122 1 

Al, 122 @) 

Al 136 0 

Bll - Green 136 7 
Releases Under Inversion Cap Above 50 Meters 

A5 4g TDs riaO) 0 

A3 61 2520 >11.0 1 

A6 . 69 Bene 11.0 0 

Bl 76 8.8 352 4 

By 78 9.5 56 y) 

BA2 - Yellow 91 8.0° 3.4 1 

B8 - Green 122 Deo 6 
Releases Under Inversion Cap Below 50 Meters 

Bll - Yellow Ag) Bee 6.8 7 

B13 30 8.6 9 

B3 2D 6.0 5.6 8 

Releases Under Inversion Cap at Surface 
De 6 
8.0° 1 
(Continued) 


a 
See footnote at end of table, page 16, 
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Table 2. Continued 






b 
WINDSPEED 


(n/s) 


Releases in Neutral Conditions Above 90 Meters 
Bly 122 9.4 ep 









METEOROLOGICAL RELEASE 
CATEGORY AND TRIAL® | HEIGHT 


(meters ) 





B10 - Green 126 5 @) 
B9 - Green 3.8 2 
Be 139 Os 10 


AQ 152 BOC yy 


Releases in Neutral Conditions Under 90 Meters 
B5 38 LOTS 0.2 9 


B10 - Yellow 69 Wed -2.5 0 
B9 - Yellow 76 3.8 opi : 2 
B12 76 4.3 OFO @) 


Releases in Unstable Conditions 
BAl - Yellow nos 10 


BAl - Green ipa 10 
B7 - Yellow a hee s aa 


B7 - Green Anal 0 
(Canoluded ) 


®8The trials are listed within a category in order of their ascencting releases 
heights. 


Othese values are taken from references 6, 10, and 11 of Appendix III. 


“The average for the 48-meter level was used as a mean estimate in these 
trials. 
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2.4.5 Surface Recoveries 


The recovery data were inspected to determine at which down- 
wind position the aerosol first touched the ground, at which ground- 
level position the largest recovery was made, and at which ground-level 
position the most distant downwind recovery was made. The results are 
given in Table 3. In many of the trials, the aerosol was transported 
to the siae ot the grid array before it reached the last sampler or 
became diffused to the point of extinction. In these cases, the recov- 
eries are described as influenced by edge (of aerosol cloud) effects. 


2.4.4 Vertical Distribution of Recoveries 


Recoveries from Phase B releases were converted to dosages per 
unit of effective source strength, plotted on a vertical cross section 
of the sampling lines, and equsl dosage contours were constructed about 
them. These contours provided profiles of the downwind movements of 
the aerosol cloud and delineated the upper and lower extent of the 
cloud at various positions. Similar contours were constructed around 
the actual recoveries for Phase A. Information was not available on 
particulate density (particles per gram) of FP material released in 
Phase A, This prevented conversion of recoveries to dosage per unit 
of effective source strength in the Phase A trials. Although samples 
taken prior to conducting many of the trials indicated presence of 
background FP, this presented no major difficulty in data analysis. 
The level was within the error of sampling, hence was ignored. 
Determinations of the cloud extent were made from dosages considered 
to be high enough to avoid recoveries due strictly to this background. 
The plots and contours of each trial can be found in references 6, 9, 
10, and 11 of Appendix II. The upper and lower extent of the cloud 
at four positions is indicated for all releases in Table 4, 


2.4.5 BG-FP Comparisons 


Maps comparing ground-level FP and BG recoveries in the same 
trial and profiles of vertical recoveries comparing FP with BG recov- 
eries in the same trial are shown in reference 7 of Appendix III. A 
quantitative comparison of FP and BG recoveries was made in this 
reference. Only a limited number of comparisons was possible because 
of the many small recoveries and lack of adequate source strength esti- 
mates. No real differences were indicated by a simple sign test of 
differences, 


2.5 ANALYSIS 


2.5.1 Aerosol Cloud Trajectories 


In order to determine how far downwind the aerosol cloud con- 
tinued to remain within the grid array end if enfilading (transporta- 
tion of the cloud along the crosswind ax is) occurred, trajectories of 
cloud travel were calculated, Only rough estimates of the trajectories 
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were made in Phase A. The method used to present a map of the traj- 
ectories was to extend vectors, computed from one-hour averages of 
wind speed and directions, from the indicated meteorological sampling 
positions. These maps are presented in reference 6 of Appendix III. 

A more detailed trajectory analysis was performed in Phase B after 

the development of a better technique which involved the projection 

of the movement of five points on the release line. The projections 
were made at five-minute intervals from averages of wind speed and 
direction data obtained from meteorological sensors in the vicinity 

of the point. The averages were weighed by the relative distances of 
the sensors from the point. The positions of the first and last point 
were selected so they would roughly follow the path of the outer edge 
of the aerosol. These trajectories are shown in references 9 and 10. 
No trajectories were calculated for the supplemental trials of Phase B. 


Sampling Height Correction 


After a preliminary analysis of Phase A and the first few Phase 
B trials, it was concluded that the drift of balloons from the vertical 
was too large to be ignored, Clinometers were used to measure the 
cable angle in the remaining trials so that actual sampling heights 
could be estimated. 


Rotorod Collection Rates 


In the Phase A trials, the collection rates of the rotorods were 
arbitrarily assumed to be one-third that of the membrane filter sam- 
plers. In Phase B, direct comparisons were made at the top three 
positions of the 30-meter tower, and a median value was selected to 
represent the actual collection rate. This value was in good agreement 
with trials run specifically to determine rotorod collection efficiency. 
A detailed analysis of B502 rotorod efficiencies can be found in refer- 
ence 9 of Appendix III. 


Effective Source Strength 


To apply mathematical models to data obtained from aerosol 
releases, an estimate of the source strength was needed, The number of 
aerosolized particles per gram released was not established for the FP 
lot used in Phase A, therefore estimated effective source strengths 
were expressed in terms of grams. The number of aerosolized particles 
per gram released was known for the yellow FP used in Phase B but was 
not measured directly for the green FP. Inspection of recoveries of 
the two colors of FP in simultaneous releases indicated that the green 
FP values were roughly twice that of the yellow FP values. Since the 
theoretical source strengths in grams were roughly equal the effective 
source strength of green FP used in this analysis was estimated to be 
twice that of yellow FP. Technology programs described in reference 
ll of Appendix III, provided more precise effective source strength 
information on the FP lots used in the two supplemental trials. 
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The Unit D/Q 


In order to permit valid trial-to-trial comparisons, each recov- 
ery was adjusted for source strength and collection rates, Division 
of the recovery by the collection rate yields a quantity, termed dosage 
(D). Further division by the effective source strengths (Q) of the 
disseminator producing the aerosol (defined as the actual source 
strength times the dissemination efficiency) produces the quantity 
(D/Q) which is independent of both source strengths and sampling rates. 
Plots and contours disoussed in paragraph 2.4.4 were constructed from 
recoveries converted to D/Q units and therefore are comparable from 
trial to trial. 


Transport Models 


Most transport models are based upon a Gaussian form with dif- 
ferences between models due mainly to the method used to specify the 
rate of vertical expansion of the aerosol. Various models in current 
use are described in detail in reference 4, Appendix III, and a com- 
parison of the model-predicted values (maximum dosage, and distance 
to maximum dosage) is made with the values obtained in each Phase B 
trial. The wide range of ratios of observed to calculated values 
pointed out the general nature of these models. Equal vertical dosage 
contours were determined theoretically by the use of one of these 
Gaussian models. Vertical eddy diffusivities were derived from esti- 
mates of the vertical flux of heat. These contours were placed on the 
same contour maps discussed in paragraph 2.4.4 in order to compare 
theoretical profiles with the actual profiles obtained (see references 
9 and 10 of Appendix III). Again, the wide range of differences 
points out the general nature of these models, 
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SECTION 3. APPENDICES 
APPENDIX I, SYNOPTIC DESCRIPTION 


Introduction: In general, synoptic conditions on a larger 
scale influenced the mesoscale meteorological environment in which 
each trial was conducted. The term “scale” is nearly synonymous 
with magnitude, but with the implication of influence of motions 
of adjoining size. Since synoptic scale information was not 
presented in the body of the report, synoptic influence was not 
considered, This appendix attempts to prcvide information of 
additional meteorological scales influencing the test results. 


Large-scale conditions in effect at test time and for a period 
after are listed for individual trials in the following order: date, 
time (MST) of beginning of test, sunset time (MST), temperature dif- 
ferences respectively at 0.5 meters to 45.6 meters (1.61 to 150 feet). 
An added temperature difference is sometimes accounted for approxi- 
mately as temperature at release height-minus-2-meters temperature. 
Winds sre indicated for similar levels. 


Trial A-1, 25 October 1960, 2105 MST, 1739 MST Sunset: The 
planetary scale influence was consistent with the mesoscale and 
microscale with decoupling optimum. A wedge of high pressure ex- 
tended from eastern Oregon to western Texas, as viewed on the 
mean sea level projection. The grid scale conditions were: wind 
SE 7 mph; the 1.6' to 150 temperature gradient, +12° F; 2M to 300', 
+17° F; the cloud sover was less than one-tenth. Release time 
was 2105 MST compared to 1739 MST sunset, and approximately 1700 MTS 
day to night change in lowest stability (1/2 to 4 meters). 


Trial A-2, 26 October 1960, 2358 MST, 1738 MST Sunset: In 
the same order +0.7, 0.4” F, 18 mph northerly, 4/710 cloud cover, 
possible influence was postfrontal. During 24 hours prior to 
test, stable conditions prevailed. The airmass over the grid 
was displaced with colder air with resulting winds generally 
from the north and over Hill Field, Salt Lake Airport, Highway 
40, and NW on the grid. The same cold front was delineated: 
Santa Barbara Las Vegas, Ely and Billings at 1700 MST displayed 
on the MSL and 850 mb charts. 


The 2358 MST release should be sompared with 1738 MST sunset 
on @ purely diurnal basis modified by the front which cleared 
through Dugway during the period 1700 to 1900 MST, approaching from 
northwest and proceeding southeast. 
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Trial A-3, 31 October 1960, 2245 MST, 1732 MST Sunset: +11° F, 
+15° F, S 5 mph, 1/10 cloud cover, inversion 280' or above, stable 
on all scales (or magnitudes), micro through planetary. From 1700 
MST to 2300 MST, the high pressure on the MSL projection was centered 
over southern Utah. An upper-level ridge was directly over Dugway, 
with the 500 mb constant pressure chart showing WNW flow, with max- 
imum speeds in northern Utah. 


Trial A-4, 15 November 1960, 2128 MST, 1715 MST Sunset: 0.4° F, 
TCG Ueto 150°), SE 23 mph. The large scale was moderately stable, 
with an inversion near 450', but the lower layer was a near- 
neutral case by comparison. The circulation over areas greater than 
grid scale was consistent with the drainage from the southeast direc- 
tion. During the prior 24 hours, a new high pressure pattern 
replaced an older high pressure pattern. Above 8000 feet, flow was 
from the northwest at 15/1400 MST, but southerly flow was dominant 
below 8000' and after that time. 


Trial A-5, 17 November 1960, 1925 MST, 1714 MST Sunset: +11° F, 
+17° F, ESE 10 mph, no clouds. Inversion approximates 300 feet with 
stable case on all scales and ESE flow. A cool high pressure was over 
Utah on MSL projection, with center over Grand Junction, Colorado. 
Dugway was in a warm sector, and the position of the pressure center 
was confirmed at 850 mb, and 5000' to 8000' winds from SSW becoming 
westerly at 14,000" MSL, conforming to a pattern further aloft. The 
500 mb surface chart near 19,000 feet displayed a trough pattern -along 
central Colorado to western North Dakota. 


Trial A-6, 28 November 1960, 2056 MST, 1708 Sunset: +11° F, 
+15° F, 7.5 mph, no clouds. High pressure was centered in the 
northeast corner of Utah or southwest Wyoming, confirming a stable 
mesoscale. The large planetary features, decoupled, shown on the 
500 mb chart were: a long ridge from San Diego to Spokane to Jasper 
and a trough over North Dakota and Manitoba determining NW long- 


wave flow. 


Trial B-1, 14 March 1961, 2219 MST, 1837 MST Sunset: +44.3° F, 
+6.0° F, with 3.50. F at T(h)-T(2M) where h is release height, 4/10 
cloud cover. This was a stable case, with MSL projection high pres- 
sure centered over Grand Junction, a warm sector over western Utah 
giving S to SE flow, with 1012 mb isobar in western Utah on MSL 
projection. The Continental Divide was the location of the nearest 
stationary front. A southerly flow extended over a large area from 
8000 feet through the 500 mb level over Utah, becoming an anticyclic 
flow over Wyoming and Colorado to at least 8000'. 


jel B-2. 15 March 1961, 1900 MST, 1839 MST Sunset: +0.6° F, 


Tr: 
-0.6° F, -0.o6° F, neutral, 10/10 cloud cover. Post-frontal condi- 


tions prevailed, and the frontal passage across Dugway Proving 


Ss Wea SF e 


Ground took place between 1400 and 1700 MST. All flow scales were 
coupled diurnally to neutral conditions. The preceding. synoptic ~ 
events were: front extended from the Gulf of California through 
eastern Nevada to Missoula and Calgary and indicated throughout 
several altitudes. This large-scale front progressed: 


1100: Front at Wendover extended southward through the Deep 
Creek range, Cedar City, Williams, Gulf of California; northward, 
Wendover-Missoula-Calgary. 


1400: Front entered western part of Dugway Proving Ground, 
with winds at ground confused and not all changing to southerly. 


1700: Most of Dugway had experienced a complete change of 
air mass. 





1800: Anticyclic center over Colorado was on 8000' level, 
SSW flow was direction over Las Vegas, becoming S over Utah. 





2000: Local southerly winds were sustained in spite of the 
front on the MSL chart. 


2300: High pressure increased over Nevada, 850 mb wave was 
centered over Ely and was moving toward Delta, with SSW winds 
aloft over the Dugway grid. 


Trial B-3, 22 March 1961, 2306, 2302 MST, 1846 MST, Sunset: 
5.6° F, 10.5° F, +3.6° F, stable, 8/10 cloud cover. Both MSL 
chart and 850 mb chart showed a low over Nevada, a high over 
Wyoming, and flat gradient and south flow in western Utah. The 
850 mb and 500 mb south flow indicates a deep layer throughout, 
modified in location by altitude. The typical Nevada low was 
located on the 500 mb chart near San Francisco with a wedge over 
the Continental Divide and westerlies over Wyoming. Utah's 
afternoon temperatures were in the low 90's with cumulus present. 


Trip iehe ieee Notdataave LRG ot 


Trial B-5, 29 August 1961, 2009 MST, 1910 MST Sunset: 0.2° F, 
OFOs f 9/10 cloud cover, neutral, the flow continued southerly with 
a high pressure pattern, A closed 1016 mb isobar on the MSL chart 
was located near the southeast corner of Utah. Relatively low pres- 
sures were shown over Idaho and near west Texas at El Paso, but with a 
wedge over the Texas panhandle. Moisture was increasing in flow 


from Gulf of California. 
Trial B-6, 5 September 1961, 2056 MST, 1858 MST Sunset: +7,.52° F, 


13.1° F, 5.5° F, 850 mb contour trough over Wyoming, and contour trough 
over Nevada. Surface charts showed rapidly moving cold front over 
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southern Idaho and northwest Nevada. The pressure gradient was fairly 
large, but the temperature gradient was small across the front, as 
viewed on the MSL projection. Good weather prevailed over Utah with 
few clouds and southerly winds at the surface. The 2000 MST chart 
MSL projection showed a wedge east to west over Utah, but with troughs 
in southern Utah and northwest Nevada. However, winds aloft indicated 
that the effect of the trough in southern Utah was negligible, and 
weather was dominated by the wedge over northern Utah. The 500 mb 
wedge confirmea this. 06/0500 information showed that the front had 
Slowed and remained north of Utah-Nevada-Idaho borders. 


Trial B-7, 4 October 1961, 1630 MST, 1811 MST Sunset: +1.1° F, 
-2.8° F, neutral, becoming diurnally more stable, no clouds, winds 
3.6 (2 m) and 4.2 (150'). The MSL pressure pattern was anticyclonic. 
Relatively high pressure was present over basin with closed centers 
indicated near Wendover, Jackson, Idaho Falls, and Grand Junction. 
Winds were near calm over the Dugway Proving Ground generally. The 
850 mb constant pressure surface showed ridge contours near Evanston 
at 0500 MST preceding test. At 1700 MST a ridge described the Elko- 
Wendover and Salt Lake region with light northwest winds near Salt 
Lake City. The 700-mb constant-pressure showed a closed high con- 
tour over Nevaca and northern California at 04/1700 MST. 


REMARKS: Coupling of large and smaller scales are ex- 
pected near 1630, with "crossover" near 1730, an average for this 
date. This coupling can explain the results and the difference of 
these results from prediction using a simple line source model. 

Trial B-8 (G), 19 October 1961, 1629 MST, 1747 MST Sunset: 
+2.4° F, +1.0° F, -0.5° F. Moderately stable when the diurnal 
change is compared with other tests: 6/10 cloud cover; wind 
speeds 1/2 m; 5.6 mph; 150°: 18.8 mph; and 2m, 5.77 MPS. Stable 
case, diurnal effect not dominant during test. The general synop- 
tic condition would not predict as strong winds as indicated. The 
mean sea level projection showed 2 likelihood of a light SW flow 
generally west of Salt Lake City. The pressure gradient was weak 
and diurnal changes dominant. A weak themal trough was north of 
Dugway and southeast of Wendover. At 19/1400 MST, in the larger 
view, fronts were remote. At 19/1700 MST, ridges of high pressure 
dominated southern Utah (Milford), extending both into Nevada and 
Colorado, Consistent with the large-scale ridge flow or high 
pressure pattern, steep inversions appeared both before and after 
the test on morning soundings. 


The tendency for the flow to be influenced by the large scale 
SW flow was evident. Note that in figure 20, Metronics Report No. 
97, a sharp turn from 260 degrees beginning at 1745 MST may have 
helped to increase the sample along the No. 18 line. 
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Trial B-9, 6 June 1962, 1849 MST, 1959 MST Sunset: 2m: 11.8 mph; 
300 ft, 23.9 mph; 1/2 to 50’, +40.1° F; om-d00 ft, 1.6 F, 2/10 cloud 
cover, A stationary front or trough was aligned east to west through 
southern Utah, southern Nevada, and western Colorado. Winds were 
generally from the north on a synoptic map scale: Winds at 1850 MST 
were from NNE, shifting to ESE to SE after 2300 MST up through 250 
feet. Prior events are listed: 


850 mb at 1400 MST and.1700 MST, high centered Malad to Twin 
Falls, or nearly north of DPG, Winds at Ely, Delta, Wendover, and 
Hill Field were all from N to NNE, At 700 mb, 1400 MST to 1700 MST, 
trough near a line from Twin Falls to Santa Barbara, counterclockwise 
flow over northern Utah, indicating that 850 mb pattern was shallow, 
or less than 5000' thick, 


Trial B-10, 7 June 1962, 1733 MST: 11.1 mph (2m), 10.7 (150' ) 
mph, -2.5 F, -0.6° F, no clouds. Ridge from 850 mb to 500 mb and 
above was dominant. The flow identified with the ridge gave -:lear 
skies over the Great Basin; stationary front lay across northern 
Arizona. The features at map-time were: 


1700 MST, 850 mb: Ridge dominated Boise-Pocatello-Salt Lake 
City and Wendover, a cyclic low was over eastern New Mexico. 


1700 MST, 700 mb: Ridge covered the Rocky Mountain states west 
of the Continental Divide, with north winds from eastern Colorado to 
Saskatchewan, 


1700 MST, 500 mb: The ridge gave way to a trough from Las Vegas 


to Casper, the ridge depth was limited from 700 mbto 500 mb over 
Utah. 





Stability and Shear: Neutral stability and fairly strong shear 
to the gradient wind level described the test conditions. The ooupl- 
ing was good on all scales, The ascendent of the wind speed was away 
from Granite Peak, as is usual with moderate flow on this scale, 


Test B-11, 12 June 1962, 1951 MST, 2002 MST Sunset: +6.8° F, 
+10.2" F (1/2m to 300°) 7/10 cloud cover, U = 5.9 mph, Udy = 4.0 mph. 
At 12/1700 MST, and 850 mt trough was indicated between DPG and Delta. 
at 12/2300 MST, the 850 mb trough had reformed north of Wendover and 
Malad area and showed DPG in a southerly flow. Also a former thermal 
trough southern Utah-Las Vegas through Grand Junction, Ely, Delta, 
and Evanston was no longer identifiable. Reference reports are con- 
sistent with large scale information. See page 28, TR 117. 


Test B-12, 21 June 1963, 2050 MST, 2005 MST Sunset: 0.0° F, 


0.0° F, no clouds, neutral, 9.0 mph (2m) to 21.2 mph (150'), no 


cloud cover (clear skies), 24 mph (300'), northerly winds. Over 
the grid, horizontal wind speed increased eastward. 1930 MST, DPG 
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local station winds indicated a trend toward northeast from north 
and increasing speed. 1700 MST westerly ridge flow above 5000', 
becoming WSW at 10,000 feet, 700 mb. 2300 MST northerly at 5000', 
and west at 10,000 feet. This was considered a postfrontal situ- 
ation with the front having been indicated at 21/0500 MST near 
Wendover. 


Trial B-13, 20 January 1964, 2003 MST, 1736 MST Sunset: +2.5° F, 
+3,.6° F, 9/10 cloud cover, moderately stable; wind speeds 12.8/22.0 oe 
At 20/2000 MST & warm Seton was over Utah with flow from south to 
southwest, with a low over Oregon and a high over New Mexico. At 
20/1700, the 500 mb (19,000') level chart indicated a nearly zonal 
flow with strong winds from west and ridge in the contour pattern over 
Utah, From 20/2000 through 20/2400 MST, southerly winds were over DPG 
with gusts to 18 mph at 2 meters. A cloud deck was at moderate alti- 
tude and listed as 10,000 feet, broken. 


Trial B-14, 18 March 1964, 1702 MST, 1842 MST Sunset: 2m: 16.4 
mph, 150°: 25.5 mph, -2.0° of =-4.5°', F, 5 10 cloud cover, From 1200 
MST to 1600 MST, there were northerly winds reported. From 1600 MST 
to 1900 MST, wide were NNW 10 mph to 15 mph in gusts, some virga 
scattered to NW to SE, 43° F on test indicating large scale or oro- 
gapric instability. At 1700 MST over DPG the winds were at 5000' 
north and with ridge flow 8000' north with ridge flow} 16,000' 
north and with ridge flow the 500 mb trough was just east of SIL, 
north to south orientation (Salt Lake City to Yellowstone). The 
corresponding 700 mb trough was just east of Salt Lake City extend- 
ing to Yellowstone, The 850 mb front was south of the Utah/Arimwna 
border. 





Trial BA-1, 8 June 1965, 2329 MST, 2000 MST Sunset: 2m to 96m; 
+9.5° F, wind speed 0.4 MPS (eu, 210° wind speed) 4.2 MPS at 48 M. 
10/10 loud cover, Sky cover was 10/10 all day, consisting of scat- 
tered cumulus with light showers or virga in the vicinity. The 
direction during the day was mainly from the south near 12 mph, be- 
coming ESE but very light winds after 2300 MST. At 08/1700 MST, the 
850 mb level showed a low over most of Nevada and northwestern Utah. 
The 08/2300 MST surface analysis showed a long low trough which ex- 
tended from northeast New Mexico to Spokane and across Delta and 
Wendover, a weak high center which was inclosed to the south in 
Arizona, and a low pressure over Nevada. At 08/1700, the nearest mb 
surface chart showed winds SSW over Utah, part of a large circulation 
centered near Bakersfield. The 500 mt wedge was just east of the 
Continental Divide aligned north-south Pueblo-Casper-Missoula and 
in Utah; shallow early morning inversions were consistent with test- 
time stability, but with 4 near adiabatic lapse rate overall. 


fl eer 


Trial BA-2, 28 June 1966, 2157 MST, 2006 MST Sunset: 2m 
to 101M: +12,3°F, wind speeds 2m: 155°F, 2.1 mph, 48m: 8.0 MPS, 
1/10 cloud cover. At 100 MST,a cool or high pattern was over 
central Utah and mainly SSW over DPG in the large scale 
pattern. A trough and stationary front was aligned from Twin 
Falls to Sacramento, becoming a warm front near Yellowstone. 
High pressure (28/2000) ridge (MSL projection) was aligned 
northwest tc southeast over New Mexico to Cedar City. From 
28/1400 to 28/2300 a front was indicated over Idaho forming 
a wave with a cold front oriented north-south through central 
Nevada and northeast from Twin Falls to Billings. The large 
scale flow 28/1700 MST was from the southeast along a line 
from Grand Junction to Twin Falls. Also 500 mb ridge was 
aligned Ely to Salt Lake City which gave SW winds over Utah 
near 19,000 feet. The large scale was consistent with the 
grid-scale during the test, even though decoupling and 
stratification in the lower 300 feet probably tock place. 


NOTE ON TERMINOLOGY: High, anticyclic, or anticyclonic 
and ridge are pattern descriptions respectively for pressure, 
flow and height contours on constant pressure surfaces. They 
are approximately equivalent at the same time of day and 
season in their influence on stability if there is coupling 
between the scales measured. Low-trough cyclic patterns or 
cyclonic patterns are similarly approximately equivalent 
and in rough sense are associated with instability. 


The diurnal influence is associated with time of sun- 
set or the earlier occurrence of "crossover",a time of 
change from daytime neutral or unstable conditions to stable 
conditions through neutral, usually measured by the temperature 
difference 1/2 to 4 meters and valid in comparison of times 
only as an average time of change. The "large scale" 
terminology refers to that scale just larger than the scale 
of the grid and can be associated with the synoptic map for 
which data are given as much as sixty miles apart and for 
hourly intervals. The physical measurements of the scale, 
Synoptic scale, and planetary scale are measured over one 
station in their respective fields at least to 500 mb, a 
procedure which is adequate for determining overall 
stability, under steady or slowly changing conditions. For 
equivalence of heights, the 850 mb constant pressure surface 
is near terrain level over most of the Rocky Mountain states. 
The 700 mb constant pressure surface is near 10,000 feet 
above mean sea-level. The 500 mb constant pressure surface 
is near 19,000 feet above mean sea level. The exact heights 
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will depend upon the weather patterns generally dependent upon time 
and location. The size of the ASG grid used in the B502 tests was 
sufficient for the cloud encounter with heterogeneous turbulence 
fields and main flow gradients in the wind fields observed, and 
Significant time variation in average wind. The decoupled cases 
have been identified with the stable regimes, and ooupled cases with 
neutral to lapse or unstable large scale conditions. For convenience: 


2 meters = 6.56 feet, 1/2 meter = 1.61 feet 


1 meter = 3,28 feet, 1/2 meter = 1.61 feet 
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DETAILS OF TEST 


INTRODUCTION 


Original Scope of Testing 


The original scope of testing was to perform three 
trials, each to be conducted under the specific conditions 
outlined in the second amendment to the Phase B, B502 test 
plan - The trial conditions 
specified were: ; 


Trial A: This trial will be a nighttime trial conducted 
under stability conditions of O-to-8°F measured between 2 meters 
and 100 meters with the inversion extending above the height of 
tracer release. The wind speed will be less than 4.5 meters 
per second (10 miles per hour) at 2 meters, between 2.2 and 6.7 
meters per second (5 and 10 miles per Hour) at 45.7 meters (150 
feet), and must be operational above 45.7 meters for both air- 
craft and balloons. This trial will consist of a simultaneous 
release at 121.9 meters (400 feet) of green FP and a ground 
release of yellow FP. 


Trial B: This trial will also be a nighttime trial but 
it will be conducted after the nocturnal inversion has become 
well established. The release height should be between 30.5 


-and 121.9 meters (100 and 400 feet), preferably at the higher 


elevation, yet it must be below the thermal cap (as determined 
by tower AT and planesonde data). The wind speed must be 
operational for both aircraft and balloons. One color of FP 
will be released from one aircraft; and, approximately 15 minutes 
later, the other color of FP will be released by another air- 
craft at the same altitude as the first aircraft. 


Trial C: This trial will be conducted during the day- 
time, well removed from transitional periods. There should be 
a moderate to strong lapse condition and the wind speed at the 
45.7 meter (150 feet) height must be 3.6 meters per second (8 
miles per hour) or greater, yet operational for aircraft and 
balloons. Two aircraft will disseminate green and yellow FP 
concurrently in this trial--one at 121.9 meters (400 feet) and 
one at 76.2 meters (250 feet). 
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Resulting Scope of Testing 


The first trial was completed successfully on the second 
attempt (the first attempt was only partially satisfactory); 
however, at the beginning of the second trial, a large and 
unexpected increase in windspeed resulted in the destruction 
of the balloons that supported the rotorod samplers. These 
balloons could not be replaced, consequently, the two remaining 
trials were not completed. The following paragraphs contain 
the details of testing and results obtained from the two 
attempts (designated as Trials B-Al and B-A2) of the first 
Cele l, 


DETAILS OF TRIALS B-Al and B-A2 


Objectives 


2.2.1.1 General. The overall objective of the Phase B, B502 
trials was to determine whether or not ground level dosages 
with 1l- to 5-micron particles disseminated under a wide range 
of stability conditions and release heights covered distances 
ranging from 16 to 24 kilometers (10 to 15 miles) downwind from 
elevated and ground level sources. 


Specific. The specific objective of each trial was to 
obtain the following information: 


a. The distances from the release line to the first 
ground level dosage and to the peak dosage; 


b. The change in dosage with distance from the source 
to as far as 24 kilometers (15 miles) downwind; 


c. The vertical extent (upper and lower limits) of 
the cloud at two or more downwind locations; and, 


d. The relationship between surface dosage distributions, 
the vertical extent of the cloud, and the meteorological con- 
ditions including wind speed, temperature gradient, wind velocity 
gradient, and vertical gustiness. 

Material and Facilities 


Location. Both Trials B-Al and B-A2 were conducted on 
the north array of the Aerial Spray Grid (ASG). Only the center 
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radial (radial 34) was utilized for sampling. The ASG sampling 
array, as it was used in these trials, is shown in Figure l. 


FP Material. The aerial releases utilized green FP 
(Lot H-396) and the surface releases utilized yellow FP (Lot 
H-395). Physical property data describing each lot are con- 
tained in Table l. 


Table 1. Summary of FP Lot Data and Amounts Disseminated, Trials 
B-Al and B-A2, Phase B, B502. 


LOT NUMBER | COLOR QUANTITY 
DIAMETER PARTICLES PER DISSEMINATED 
GRAM 
(microns) (x1010) (grams) 
B 
> ° 


2,684. 


22,224.0 |11,587.6 





Dissemination Equipment 


a. Model D Dry Particulate Disseminator: This dis- 
seminator consists mainly of a conical hopper, a notched feed 
wheel, and a downspout. The material (FP for these trials) 
contained in the hopper is delivered by gravity flow to the 
feed wheel which delivers it at a uniform rate to the down- 
spout. At this point, the material is aerosolized by secondary 
air entering through a series of ports in the downspout. For 
Trial B-Al the disseminator was mounted in a U-6A aircraft and 
for Trial B-A2 the disseminator was mounted in a JU-8D air- 
craft. 


b. Mark IV Skilblower Aerosol Generator: This 
disseminator consists of essentially the same type of components 
as the Model D except that an electrically driven blower per- 
forms the aerosolization rather than secondary air fed into a 
downspout. Two Skilblowers were used in each trial, each 
mounted on the bed of a 3/4-ton truck. 
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Flight Line, FP Sampling Array and Meteorological 
Sampling Array Utilized in Trials B-Al and B-A2, 


Figure l. 
Phase B, B502. 
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FP Sampling Equipment. 


a. Membrane Filters: Membrane filters were mounted 
in standard metal holders with an exposed circular filter of 
18.54mm in diameter. The filters were aspirated at a rate of 
6 liters of air per minute. 


b. Rotorods: Model 60-A rotorod samplers were equipped 
with H-shaped FP collecting rods coated with a thin layer of 
high vacuum silicone grease. Each rotorod operated at a rate of 
2400 rpm sweeping a total of 41.3 liters of per minute. 


c. Sequential Sampling Unit: Windsoc sequentialized 
Sampling units were equipped with ten membrane filter samplers. 
Eight of the samplers were operated sequentially, each for a 
fifteen minute interval. The ninth sampler also was operated 
in sequence but was continued longer than the fifteen minute 
period to assure sampling during the entire passage of the 
cloud. The tenth sampler operated as a total dosage sampler. 
It was activated simultaneously with the first sampler and not 


deactivated until the end of the ninth sampling period. Each 


filter was aspirated at a rate of 6 liters per minute. 
Methods 


Contyol Samplers. Membrane filter samplers were 
operated for periods of 45 and 75 minutes just prior to dis- 
semination in order to obtain estimates of background FP 
present during testing. These samplers were located at the 
1.5 meter (5 foot) level at the 3.2-, 6.4-, 9.7-, 12.9-, 
and 16.1-kilometer (2-, 4-, 6-, 8-, and 10-mile) downwind 
sampling positions. 


Tower Sampling. Aerosol sampling was performed with 
membrane filters placed at two-meter intervals on the ASG 
Tower. The first sampler was located two meters above the ground 
and the last sampler was located at the 92-meter level. Four 
30.5 meter (100 foot) towers were utilized for downwind profile 
sampling. These towers were located at positions indicated in 
Figure 1. Membrane filter samplers were positioned at 1.5-, 
6.1-, 10.7-, 15.2-, 19.8-, 24.4-, and 29.0-meter (5-, 20-, 35-, 
50-, 65-, 80-, and 95-foot) heights for Trial B-Al and position- 
ed at 4.6-, 9.1-, 13.7-, 18.3-, 22.9-, 27.4-, and 32.0-meter 
(15-, 30-, 45-, 60-, 75-, 90-, and 105-foot) heights on an 
extended tower for Trial B-A2. At each of the top three positions 
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located on each of the last three 30.5 meter towers, an additional 
aerosol sample was obtained with a rotorod sampler. This was 
performed to obtain data pertaining to the relative collection 
efficiencies of the two aerosol sampling devices. All samplers 
were activated for a time estimated to be sufficient to assure 
complete passage of the aerosol cloud. 


Horizontal Sampling. To obtain ground level dosage 
estimates, aerosol sampling with membrane filters was performed 
1.5 meters (5 feet) above ground level at the positions indicated 
in Figure 1. These samplers were activated for a time period 
estimated to be sufficiently long to assure sampling of the 
entire aerosol cloud. Sequential sampling with membrane filters 
was also performed at this height at the indicated positions 
shown in Figure 1. Sampling times for the sequential units are 
outlined in Paragraph 2.2.2.4.c. 


Balloon Supported Sampling. Balloons tethered by 
304.8 meters (1000 feet) of cable were placed at the 3.2-, 
9.7-, and 16.1-kilometer (2-, 6-, and 10-mile) positions 
shown in Figure 1. Each cable had 25 rotorod samplers attached 
at 10.7 meter (35 foot) intervals starting at 41.1 meters (135 
feet) from the lower end of the cable. 


Meteorological Sampling. Positions for the meteorological 
sampling towers and stations are indicated in Figure 1. For 
Trial B-Al, meteorological data at the ASG Tower were recorded 
in the following manner: Windspeed and temperature data were 
obtained at the 3-, 1-, 2-, 4-, 8-, 16-, 32-, 48-, 64-, 88-, 
and 96-meter positions. Wind direction data were obtained at 
the 2-, 16-, 32-, 64-, and 96-meter levels and vertical wind 
directions data were obtained at the 2- and 16-meter levels. 
Essentially the same positions were used for Trial B-A2 
except for: (1) a 10l-meter position was substituted for the 
88- and 96-meter positions; (2) the 48-meter position was added 
to the wind direction data; and, (3) 16-, 32-, and 10l-meter 
positions were used to measure vertical wind direction. A 
Single 30-meter meteorological sampling tower was located at 
position 23 (see Figure 1). For Trial B-Al: windspeed data 
were obtained on this tower at the.3-, 2-, 4-, 8-, 16-, and 30- 
meter heights and wind direction at the 2- and 30-meter heights. 
For Trial BeA2, windspeeds and direction data were obtained at 
the same heaghts and temperature measurements were made at the 
3-, 2-, 4-, 8-, 16-, and 30-meter heights. Windspeed and wind 
were obtained at the 2- and 16-meter levels at meteorological 
stations 21, 22, and 24 in Trial B-Al and at meteorological 
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stations 22 and 24 in Trial B-A2 (see Figure 1). In both trials, 
windspeed and wind direction data were ebtained at the 8-meter 
level at meteorological stations 81, 82, 83, and 84 (see Figure 
1). Two-meter windspeed and wind direction data were obtained 
at meteorological stations 12 and 13 in Trial B-Al and at 
meteorological stations 12, 13, and 21 in Trial B-A2. In each 
trial, cloud cover, surface temperature, and relative humidity 
observations were made periodically at several selected points 
throughout the grid array. Pibals were used to obtain wind 
speed and direction data just prior to and during downwind 
passage of the aerosol. Pibal data were obtained at meteorological 
Btateuns aL els ol eee 3,0 c4 ol, oc, 63, and O4 in Trial 
B-Al and at the same stations, except for 21, in Trial B-A2, 
These data were obtained to heights extending well above the 
aerosol sampling heights. In each trial, temperature measure- 
ments, obtained with thermocouples placed at 45.6-meter intervals 
on each balloon cable, were made just prior to and during 
sampling. 


Clinometer Readings. In Trial B-Al, the average angle 
of elevation with respect to the ground of each support balloon 
was ascertained and recorded at the end of each fifteen minute 
period from dissemination time to the end of sampling. No 
clinometer data were obtained in Trial B-A2. 


Dissemination Procedures. In each trial, simultaneous 
aerosol and ground releases were made under stable nighttime 
conditions. In Trial B-Al, the elevated line source was generated 
from a U-6A aircraft flying at an altitude (above ground) of 
55 meters and at a speed of 54 meters per second. In Trial 
B-A2, the elevated line source was generated from a JU-8D 
aircraft flying at an altitude (above ground) of 90 meters and 
at a speed of 77 meters per second. In each trial, dissemination 
was made along the 22.5-kilometer (14-mile) flight line shown in 
Figure 1. The ground release for each trial commenced the moment 
the aircraft passed the ASG Tower. This release was performed 
by two 3/4-ton-trucks driving in opposite directions from the 
center of the indicated flight line (see Figure 1). The 
approximate speed of each vehicle was 30 miles per hour (13.4 
meters per second). 


Results 
2.2.4.1 Meteorological Data. Comprehensive summaries of the 


meteorological data obtained at each meteorological sampling 
station during each trial are given in Appendix I, Tables 19 
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through 28. A complete set of meteorological data is on file 
at Test Design and Analysis Office, Dugway Proving Ground, Utah. 
Table 2 briefly summarizes the meteorological regime present 
during each trial. 


Table 2. Summary of General Meteorological Conditions Present 
During Trials B-Al and B-A2, Phase B, B502.° 


: CATEGORY TRIAL NUMBER 


Temperature (°F) ® 








Surface 












Indicated Height 63° at lm 73° at 















Relative Humidity 327alelem Conabes 


(% at indicated height) 













+99 sells 255 


Temperature Gradient 
2mto 96m]/2mtol10lm 


(F° for indicated interval) 









2. leatee m 


8.0 at 48 m 


O-4uatec m 


4.2 at 48 m 


Average Wind Speed 
(meters/second) 

















210 dg}, 





Average Wind Direction 
(degrees at 2 meters) 









Cloud Cover 10/10 1/0} 





&Values taken at dissemination time near the 100-meter 
sampling tower. 


Clinometer Data. Estimates of the "blow down" angles 
(expressed in fifteen minute averages) were obtained in Trial 
B-Al. These values are listed in Table 3. No clinometer data 
were available for Trial B-A2. 


Dissemination Results. Table 4 summarizes the 


dissemination data obtained in Trials B-Al and B-A2 and also 
contains the times and dates each was performed. In Trial B-Al, 
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Table 3. Clinometer Reading Averages Obtained for Trial B-Al, 
Phase B, B502. 





ESTIMATED ANGLES OF ELEVATION (°) OF BALLOONS WITH RESPECT TO THE ! 
GROUND FOR INDICATED TIME INTERVAL AT INDICATED SAMPLING POSITION 


3,2-km (2-mile) 9.7-km (6-mile) 16.1 km (10-mile) 
=) Position Position Position 


Time® 


Z +16 52 Z- 2 63 
66 
64 
68 
66 
62 



















Vbsiae GN Ce to 13 








Z + 6 49 Z+ 58 





Z+ 61 43 Zita 3 
88 










Z+ 76 












ND - Z + 103 





















ND ND = Z+ 118 62 
ND ND - 2h 133 75 
ND ND - Z + 148 74 
ND ND - Z + 163 78 
ND ND - Z +178 74 
ND ND - a 195 (t 
ND ND - Z + 208 7 
ND ND ~ Z + 223 70 
ND ND - Z + 238 80 
ND ND - Bt 253 (Ce 
ND ND - Z + 268 iS 
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of. 


g 








®8Time values indicate end of 15-minute averaging period. 
bz indicates function time of test. 


CND indicates no data. 
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unit one (vehicle headed in an easterly direction) of the ground- 
level dissemination inadvertently began dissemination eighty 
seconds earlier than unit two. This produced two separated ground- 
level disseminated lines rather than the desired single line. 
Consequently, the trial was repeated. In Trial B-A2, the aerial 
disseminator malfunctioned after operating normally for a 

distance of approximately ten km (six miles). 


2.2.4.4 FP Control Sampling Results. The number of green 
and yellow FP particles collected during the control sampling 
period (conducted immediately prior to each dissemination) are 
presented in Table 5. 


Table 5. Results of FP Background Control Sampling, Trials B-Al 
and B-A2, Phase B, B502. 


SAMPLING POSITION GREEN FP RECOVERIES YELLOW FP RECOVERIES 
(particles) (particles) 


Trial B-Al | Trial B-A2 | Trial B-Al | Trial B-A2 


He 13 0 8 
4 48 39 18 
0 ) 8 6 
12 3 niG eo) 6 
O 13 3 18 


Estimates of FP Total Dosage Recoveries Obtained at 
Ground-Level Sampling Positions. Estimates of the total number 
of green and yellow FP particles recovered during each trial at 
each of the various downwind ground-level sampling positions 
are given in Figures 2, 3, 4, and 5. 














3.2-km (2-mile) 






6.4-km (4-mile; 


9.7-km (6-mile) 







12.9-km (8-mile) 


16.1-km (10-mile) 





Estimates of FP Total Dosage Recoveries Obtained at 
the ASG Tower. Estimates of the total number of green and yellow 
particles recovered during each trial at each of the various 
sampling positions on the ASG Tower are given in Appendix I, 
Tables 7 and 8. Also shown in Tables 7 and 8 are the dosage per 
unit source strength values (D/Q), obtained by dividing each 
estimated recovery value by the sampler flow rate and the estimated 


effective source strength. 


Deh We IAA 


AERIAL SPRAY GRID 
Sains 4s oe 


CEDAR 
NORTH] | MOUNTAINS 


wiG = 
GRID 


“ny 177; 
4 U 
Tayi" “Wy, 
Yi 


Vit, 


e MILLIPORE FILTER SAMPLING 
STATION 
X SEQUENTIAL MILLIPORE FILTER 
SAMPLING STATION 
(A) 100-METER VERTICAL SAMPLING 
TOWER 
© 303-METER VERTICAL SAMPLING 
TOWER 
@ I6-METER WIND DIRECTION AND 
SPEED STATION 
NOTE: M INDICATES MALFUNCTION @ 30-METER METEOROLOGICAL 
UNDERLINED NUMBERS SHOW RECOVERIES poner 
@® 2-METER MANNED WIND DIRECT- 
ION AND SPEED STATION 
| MILE Mateos ® 8-METER WIND DIRECTION AND 
rae SPEED MAST 
| '3° FLIGHT LINE LIGHTS 045°-225° 


Pe MU any, 


SAPPHIRE %% 4” 
MT. 2667 





Green FP Recoveries Obtained at 1.5-meters (5-feet) 


Figure 2. 
for Trial B-Al, Phase B, B502. 


+ Gil Fe OS] 


AERIAL SPRAY GRID 
[oe RS EEA Sa 

CEDAR 
NORTH[ | MOUNTAINS 
WIG ~ 


GRID 


NN 
SS MM 
Ma Ww 


OZ 
4 
Gy"! “py, 
“My 
Z 


rb 3! 
St te Madey ye 


ee 


t] 
Ny at 4. 


~ 
> 


MILLIPORE FILTER SAMPLING 
STATION 
> SEQUENTIAL MILLIPORE FILTER 
SAMPLING STATION 
(A) 100-METER VERTICAL SAMPLING 
TOWER 
© 303-METER VERTICAL SAMPLING 


TOWER 
I6-METER WIND DIRECTION AND 
SPEED STATION 
NOTE: M INDICATES MALFUNCTION ® eae METEOROEOGICAT 
UNDERLINED NUMBERS SHOW RECOVERIES 
@® 2-METER MANNED WIND DIRECT- 
ION AND SPEED STATION 
| KILOMETER @ 8-METER WIND DIRECTION AND 
SPEED MAST 


| MILE 
1-26 FLIGHT LINE LIGHTS 045°-225° 


SAPPHIRE” “an | 
MT. WE Q 





Figure 3. Yellow FP Recoveries Obtained at 1. 5-meters (5-feet) 
for Trial B-Al, Phase B, B502. 
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Estimates of FP Total Dosage Recoveries Obtained at the 
Downwind Towers. Estimates of the total number of gréen and yellow 
FP particles recovered during each trial at the various sampling 
stations located on the four downwind towers are given in Appendix 
I, Tables 9 and 10, Also shown are the corresponding D/Q values 
determined for each of the various samplers. 


Estimates of FP Total Dosage Recoveries Obtained with 
Rotorod Samplers. Estimates of green and yellow FP total dosage 
recoveries obtained with rotorod samplers mounted on the three 
balloon cables are given in Appendix I, Tables 11 and 12. 
Estimates of green and yellow FP total dosage recoveries obtained 
with rotorods mounted on three downwind towers are given in 
Appendix I, Table 13. Also shown in Tables 11, 12, and 13 are 
the corresponding D/Q values determined for each of the various 
samplers. 


Estimates of FP Dosage Recoveries Obtained with Sequential 
Samplers. Estimates of the total number of green and yellow FP 
particles recovered by membrane-filter samplers operated sequentially 
are given in Appendix I, Tables 14, 15, 16, and 17. 


Analyses of Results 


Ground-Level Dosage Recoveries. Recovery data of FP 
material released by aircraft were visually examined to obtain 
estimates of the downwind distance to aerosol "touchdown" and 
the downwind distance to the peak dosage. For Trials B-Al and 
B-A2, aerosol touchdown was estimated to have occurred at the 
1.2-km (3/4-mile) station and at the 4.8-km (6-mile) station, 
respectively. Peak dosage recoveries were estimated to have 
occurred at the 9.7-km (6-mile) station in Trial B-Al and at 
the 14.5-km (9-mile) station in Trial B-A2.° 


Estimation of the Rotorod Collection Efficiency. 
Rotorods placed adjacent to membrane filters provided a basis 
for calculating the rotorod collection efficiency (relative to 
the membrane filter collection efficiency). The reference 
dosage was obtained by dividing the membrane filter recovery 
value by the membrane filter sampler flow rate of six liters 
of air per minute. The rotorod dosage was obtained by dividing 





ltme observed value of the touchdown distance is simply the first 
downwind station where recoveries were obtained, and are con- 
sequently expected to underestimate the true value due to possible 
background interference. 

“The observed value of the peak dosage distance is simply that 
distance where the largest value occurred. 
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the rotorod recovery by 41.3 liters per minute--the estimated 
volume of air swept out per minute by the rotorod sampler. The 
ratio between the rotorod dosage and membrane filter dosage is 
the estimated rotorod collection efficiency. 


Total recoveries, dosages, and ratios expressed as 
percentages are given for each sampling position in Appendix I, 
Table 13. To summarize these data, a median efficiency value 
was determined for each FP color in each trial. An unexplained 
marked difference in magnitude of efficiency estimates for the 
two trials precluded estimates from pooled trial results. In 
Trial B-Al, the median efficiency for yellow FP was 40 percent 
and for green FP 35 percent. In Trial B-A2, the median ef- 
ficiency was 2.5 percent for yellow FP and 2.0 percent for 
green FP. Due to the small sample size and large variability 
between individual values, little confidence can be placed on 
each median value per se. Re-examination of the data failed 
to provide an explanation for the wide trial-to-trial variability. 


Rotorod Sampling Heights. The angle of each balloon 
with respect to the ground at its respective anchor point was 
determined by averaging the clinometer data over the estimated 
period of aerosol passage as determined by sequential sampling 
data. Heights of individual samplers were determined by applying 
the sine of the estimated angle to the cable distance measured 
from the bottom end of the cable to the sampler. The catenary 
of the cable was disregarded. For Trial B-A2, no clinometer 
data were available; therefore, a median value of 60°, determined 
from previous Phase B testing, was applied. Estimated sampling 
heights for each set of balloon supported samplers are given 
for each trial in Appendix I, Table 18. 


Effective Source Strengths. The estimated effective 
source strength (Q) obtained for each dissemination was calculated 
by means of the equation: 

= ERC 
. Ss 
where: 


E Estimated disseminator efficiency; 


R = Rate of dissemination (grams/second) of the disseminator; 


Leese eee eee se I ISS TT ST SESE ERS SES SESE SEE SS 
toniy those ratios where the recoveries of either membrane filter 
or rotorod samplers exceeded 50 particles were used to estimate 
the median. 


Elie ls 


C = Estimated mean FP concentration (particles/gram); and, 


Ss 


Speed of vehicle transporting the disseminator (meters/ 
second). 


From results of testing? conducted at DPG, dissemination efficiency, 
using FP Lot H-395 with the Mark IV aerosol generator, was estimated 
as 75 percent, and using FP Lot H-396 with the Model D disseminator, 
was estimated as 89 percent. Table 6 lists each effective source 
strength obtained for each trial. The value obtained for the 
surface releases are averages of: effective source strengths obtained 
for the two generators. 


Table 6. Estimates Effective Source Strength Values 
Obtained for Trials B-Al and B-A2, Phase B, 
B50e. 









ESTIMATED EFFECTIVE SOURCE 
STRENGTH FOR INDICATED TRIAL 
(particles x 1019/meter) 


Trial B-Al Trial B-A2 — 
aiyeas blely: 
0.24 0.22 


Vertical Distribution Dosage Contours. In order to make 
meaningful trial-to-trial comparisons, recoveries must be expressed 
in terms that are independent of both the effective source 
surength ana tne sampling rate. Total recoveries obtained in 
each trial were, therefore, converted to D/Q units. These values, 
plotted on a vertical cross-section of the sampling lines, are 
shown in Figures 6, 7, 8, and 9. Also shown in these figures 
are the equal dosage contour lines. Due to the variability of 
the data used to estimate the D/Q units the contour lines were 
smoothed considerably and many of the values lay outside their 
respective contours. The outermost contour (100 D/Q@ units) 
can be considered as outlining the upper and lower boundary 
(vertical extent) of the aerosol cloud's path as it moved down- 
wind. Values smaller than 100 D/Q units were quite likely due 
to background contamination (as indicated by the pretest control 
samplers) and were not considered as the result of cloud passage. 
















Aerial 


Surface 





lUnpublished test results obtained for FP Lot H-395 in DPG Test 
B501 and for Lot H-396 in DPG Test B775 
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Figure 6. . Green FP Vertical Distribution Dosage Contours 
Obtained in Trial B-Al, Phase B. (NOTE: Only every 
tenth sampling station indicated for ASG Tower at 
10) kilometers). 
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Figure 7. Yellow FP Vertical Distribution Dosage Contours 
Obtained in Trial B-Al, Phase B, B502. (NOTE: Only 
every tenth station indicated for ASG Tower at 0 
kilometers.) 
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Figure 7. Continued. 
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Figure 8. Green FP Vertical Distribution Dosage Contours 
Obtained in Trial B-A2, Phase B, B502. (NOTE: Only 
every tenth station indicated for ASG Tower at 0 
kilometers. ) 
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Figure 9. Yellow FP Vertical Distribution Dosage Contours 
Obtained in Trial B-A2, Phase B, B502. (NOTE: Only 
every tenth station indicated for ASG Tower at 0 
kilometers. ) 
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SECTION 3. APPENDICES 
APPENDIX I, TEST DATA 
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All other values are averaged over the time interval between that values time and 


®Values for Z time ere averaged from Z-5 to Z. 


WS stands for wind speed. 


The temperature gradient is measured from 0.5m to. indicated height in F°. 


Inoperative. 
Wind direction (Dir) values are in degrees. 


Values are in terms of meters per second. 


the preceding values time. 


b 
c 
d 


Table 20. Wind Speeds and Directions Recorded in 15- 
Minute Intervals at Met Stations 23 North 
During Passage of Cloud through Grid Array, 
Trial B-Al, Phase B, B502. 





@Time is expressed in minutes after fire time. 
Each value is an average over the preceeding 15 
minutes. 


bwind speed (MS) is expressed in meter per second. 


CWind direction (Dir) values are in degrees. 
dInoperative. 
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Table 23. Wind Speeds and Directions Recorded at the 2-Meter Met 
Sampling Stations During Estimated Passage of the Cloud 
Through the Grid Array, Trial B-Al, Phase B, B502. 


TIME 12 NORTH STATION 13 NORTH STATION 
Wind Speed j|Wind Direction | Wind Speed. | Wind Direction 
(min) | (meters/sec) ( (meters/sec) «2 


“ ) 
130 115 









099 
067 
067 
065 


100 







“Time is expressed in minutes after fire time. Each value is an 
average over the preceding 15 minutes. 
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ng Tower during Period of Cloud Passage through Grid érray, Trial B-A2, 


Meteorological Conditions Present at ASG Sampli 
Phase B, B502. 
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All other values are averaged over the time interval between that values time and the 


®Values for "Z" time are averaged from Z-5 to Z. 


WS stands for wind speed. 
measured from 0.5 meters to indicated height in F 


Values are in terms of meters per second. 


The temperature gradient, AT is 


Inoperative. 


Wind direction values are in degrees. 


preceding values time. 


b 
c 
d 
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Table 26. Wind Speeds and Directions Recorded at the 16- 
Meter Met Sampling Stations During Estimated 
Passage of the Cloud through the Grid Array, 
Trial B-A2, Phase B, B502. 
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1.9 }126 137 155 
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120 A Ses, 


120 






145 
146 









110 





‘110 125 


146 






1h0 
148 







147 


@wWind speed (WS) is expressed in meters per second. 


PWind direction (Dir), values are expressed in degrees. 


CTime is expressed in minutes after fire time. Each 
value is an average over the preceding 15 minutes. 
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DIGEST 


Current procedures for predicting ground-level dosage patterns as- 
sociated with elevated line sources are reviewed with respect to existing 
theoretical and empirical knowledge. Analysis of field measurements 
made during the Dallas Tower trials and the B 502 program at Dugway 
Proving Ground reveals important meteorological restrictions on the 
operational employment of the elevated line source and defines the con- 
ditions under which this technique is most likely to produce satisfactory 


results. 
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DIGEST 


Current procedures for predicting ground-level dosage patterns as- 
sociated with elevated line sources are reviewed with respect to existing 
theoretical and empirical knowledge. Analysis of field measurements 
made during the Dallas Tower trials and the B 502 program at Dugway 
Proving Ground reveals important meteorological restrictions on the 
operational employment of the elevated line source and defines the con- 
ditions under which this technique is most likely to produce satisfactory 
results. 
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SUMMARY 


Current procedures for modeling elevated line-source releases have 
been examined with respect to existing knowledge of low-level atmospheric 
structure and measured dosage patterns. Comparisons of existing predic- 
tion techniques show the principal differences to be in the method used 
to specify the rate of vertical expansion of the cloud, and in the ex- 
tent to which source dimensions, multiple reflections, and edge effects 
have been incorporated into the basic Gaussian model. 


An examination of available field data and an intensive analysis of 
measurements made during the Dallas Tower trials and the B 502 series at 
Dugway Proving Ground clearly indicates that the elevated line-source 
technique is most effective when the releases are made at heights of the 
order of 100 meters above relatively smooth terrain in the presence of 
moderate or strong wind speeds and near-neutral thermal stratification. 
Requisite atmospheric dispersal and transport mechanisms depend upon a 
high degree of coupling between the air flow at release height and the 
flow at ground level. This precludes the presence of moderate or strong 
temperature inversions located either near ground level or at any height 
intermediate between the release height and the ground. A sufficient de- 
gree of coupling is indicated by a mean wind speed near the ground of at 
least 3 meters per second and a wind speed at the effective release height 
of at least 10 meters per second. Also, the turbulent intensity of the 
vertical component of the wind velocity at release height must exceed 
0.01. Both the Dallas Tower trials and the B 502 series confirm that 
little or no material reaches ground level within 40 or 50 kilometers of 
aerial releases made above strong temperature inversions. It is unlikely 
that penetration of such an inversion can be accomplished other than by 
very low releases (less than 50 meters) aided by aircraft wake turbulence. 
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SECTION 1 
INTRODUCTION 


The use of elevated line source releases in BC operations rests on 
the premise that the released material will be diffused vertically down- 
ward to ground level and transported to the target area in an orderly 
and predictable manner by the low-level wind field. The effectiveness 
of the low-level wind in transporting and diffusing material released 
at some height above the ground to a ground-level target depends upon 
two closely related factors: the depth of the mixing layer and the 
degree of coupling between the wind pattern at the effective release 
height and that near ground level. During unstable stratification, the 
depth of the mixing layer is fixed by the upper limits of convective 
processes; during stable stratification, the depth of this layer is det- 
ermined by the height to which the mechanical turbulence arising from 
airflow over uneven ground and other roughness elements can penetrate. 
Over land surfaces in fair weather, the depth of the surface layer shows 
a diurnal variation ranging from 1 or more kilometers in the presence 
of free convection to perhaps 10 meters or less in the presence of strong 
radiational surface temperature inversions. Both the depth of the surface 
layer and the degree of coupling between the flow at release height and 
the flow near ground level are highly correlated with the vertical gradi- 
ents of wind speed and temperature. 


Frequently, processes other than simple wind transport and turbu- 
lence influence the ground-level distribution of the released material. 
These processes include terrain-induced air motions that may be enhanced 
by atmospheric dynamics; occasional overturnings of large masses of air 
due to transient effects associated with the formation and breakdown of 
nocturnal low-level temperature inversions; surface drainage or up-slope 
terrain circulations; and circulations associated with large convective 


cells. 


When expressed in mathematical terms, diffusion models are essentially 
probabilistic mass continuity equations defining the spatial and temporal 
distribution of material downwind from the point of release under steady 
state conditions. Expressions of this type must specify four basic fea- 
tures: the mean horizontal wind vector defining the material transport; 
the form of crosswind and vertical distributions; the crosswind and 
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vertical dimensions of the plume as functions of downwind distance; and 
losses of material through decay or removal processes. The probabilistic 
nature of model equations, although not usually explicitly stated, re- 
flects the inherent variability of the atmospheric processes and has the 
following significance: the predicted value given by the equation repre- 
sents the average result to be expected from a large number of individual 
trials conducted under nearly identical conditions. Predicted values of 
diffusion parameters obtained from diffusion models thus represent the 
central or mean values of probability distributions. A prime objective 
in model validation is to establish the bounds or fiducial limits of 
these distributions. 


The prediction of dispersal patterns for an environment in which 
the spectrum of atmospheric motion is essentially continuous poses many 
difficulties. The prediction of dispersal patterns for an environment 
in which mesoscale circulations, or other processes highly dependent on 
space and time, are present is clearly beyond the limits of existing 
knowledge and capabilities. An investigation of the basic mechanisms 
of mesoscale circulations, with emphasis on applications to dispersal 
prediction, is in process under Contract No. DA-42-007-AMC-120(R) and 
the results to date are reported by Barr and Tweedy (1967). 


Section 2 of this report contains a review of current procedures 
for modeling the elevated line source. Four field measurement programs 
in which elevated line source releases were made are summarized in Sec- 
tion 3. An evaluation of current prediction procedures principally 
based on the measurements made during two of these programs is presented 
in Sections 4 and 5. General conclusions based on this review of the 
elevated line source problem are found in Section 6. 


MEPS 


SECTION 2 


ELEVATED LINE-SOURCE MODELING TECHNIQUES 


Most practical line source models in current use are based on the 
Gaussian form of Sutton's equations. As formulated by Milly (1958) in 
ORG-17, the expression for ground level dosage becomes 


Z 
iy i a a : 
D{x) = = yee exp | : 7 2 2p (2-1) 
2n o, im) (=) 20, im) CE) 
where D(x} = ground level dosage 


source strength 
o. (x, 3 = standard deviation of vertical dosage distribution 
at some reference distance x) downwind from the re- 
lease line 
mean wind speed 
downwind distance 
= diffusion parameter related to thermal stratification 
= release height. 


oan 


Swx EI 


and 


Equation (2-1) is equivalent to Sutton's expression 


D(x} = sepoe Phe exp - js | (2-2) 
J2x C, ee oan. Gr 5 oan seme 


as may be seen by application of the transformations 
n 
Bus Deca, (2-3) 
and 


2B 
2 x 2 _2-n 
2o° (x,) A ) = Cx (2-4) 


ALL oO 


Here C_ is a generalized diffusion coefficient related to the intensity 
of turbulence, and n is, at least in principle, determined from the wind 
profile according to an equation of the form 


1 te coehaNn On) 
u(z} = uy =) . (2-5) 


Maximization of Equation (2-1) yields the expression 


p  =2 V2/ne = 0.485 2 , (2-6) 
Pan uh uh 


which is independent of p and o, (x,J. It can be seen that the maximum 

ground-level dosage predicted by the Gaussian model depends only on Q, 

u, and h. On the other hand, the downwind distance x at which D 
; max 

occurs is found tobe 


max 


ee al i 
*nax ~ is: Sle So 


z 1 


The distance x thus depends on p, o_ (x,J, x,, and h and is independent 
— max Zz 1 1 
of Q and u. 


The following sections contain summary descriptions of recent ap- 
proaches to the modeling of dispersal patterns from an elevated line 
source. For the most part, these approaches differ only in the method 
used to specify the rate of vertical expansion of the cloud. 


2.1 PALMER AND CRAW (1962) 


Palmer and Craw prepared graphs of D/Q versus downwind distance 
using Equations (2-1) and (2-2) and procedures suggested earlier by 
Barad and Hilst (1951). Graphs are presented for various combinations 
of release height, wind speed, and the diffusion parameters q and n. 
In addition, the effects of biological decay are taken into considera- 
tion by multiplying Equations (2-1) and (2-2) by the exponential factor 
exp(-kt), where time t is given by x/u, and k is the decay constant. The 
ranges of the various input parameters used are given in Table 2-l. 


2.2 ELLIOTT AND BARAD (1964) 


Elliott and Barad also used Equation (2-2) to construct graphs of 
ground-level dosage for operational use in predicting diffusion patterns 
downwind from line sources. Graphs are presented for various heights of 
release, wind speeds, and thermal stratification. Stability classifica- 
tions are defined by the stability ratio SR, given by the ratio of the 
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TABLE 2-1 


PARAMETERS USED BY PALMER AND CRAW 





Stratification: n B 
Near Neutral 0.25 0.875 
Slight Inversion 0.30 0.85 
Moderate Inversion 0.33 0.83 
Strong Inversion 0.40 ~ 0.80 


Release Height, h: 0 to 1000 feet 
Mean Wind Speed, u: 5 to 30 miles per hour 
Decay Rate, k: 0 to 0.2 per minute 





TABLE 2-2 


PARAMETERS USED BY ELLIOTT AND BARAD 








Stratification Range of SR C. n a 
Very Unstable < -0.45 0.002 -1.20 1.60 
Moderately Unstable -0.45 to -0.20 0.02 -0.40 1.20 
Neutral -0.20 to 0.20 0.07 0.10 0.95 
Moderately Stable 0.20 to 0.45 0.07 0.20 0.90 
Very Stable > 0.45 0.07 0.30 0.85 








Kili-i1) 


temperature difference in centigrade degrees between 4 meters and 0.5 
meters to the square of the 2-meter wind speed in meters per second. 

Each stability class is associated with values of Cc. and n determined 
from an analysis of the Prairie Grass data (Haugen, Barad, and Antanaitis, 
1961). Table 2-2 presents the stability classifications and the diffu- 
sion parameters that were used. Because of vertical inhomogeneity in the 
structure of turbulence, direct application of parameters determined from 
diffusion measurements from continuous point-source emissions near the 
ground (as at Prairie Grass) to elevated sources appears inappropriate. 
It is likely that the effective vertical expansion rates will exceed 
those implied in Table 2-2 during unstable regimes and will be consid- 
erably smaller during stable regimes. Comparison of the B values pre- 
sented in Tables 2-1 and 2-2 shows the values used by Elliott and Barad 
to be consistently greater than those of Palmer and Craw during near- 
neutral and stable stratifications. 


2.3 VAUGHAN AND McMULLEN (1963) 


Vaughan and McMullen have treated the vertical expansion of a gas 
or aerosol cloud by assuming that heat and matter are diffused by iden- 
tical mechanisms. Except for near-neutral conditions their calculations 
of the rate of vertical diffusion of matter are based on determinations 
of the vertical heat flux. In the absence of direct measurements, esti- 
mates of the heat flux are obtained from observations of the rates of 
temperature change within the surface layer. The effect of advection 
is eliminated by assuming that the advective temperature change is con- 
stant in time and independent of height. An average value of Ky for the 
appropriate layer is then obtained from the heat flux estimates and the 
potential temperature profile. In near-neutral stratification the dif- 
fusivities for heat and momentum are assumed equal near the ground, and 
an empirical method based on the Prairie Grass measurements is used to 
determine K, from the wind speed at a height equal to 40 times the rough- 
ness parameter z,- Predicted dosages are calculated from the generalized 
Gaussian model after the introduction of a parameter S defined as uh“/4Kx, 
in which K is the mean vertical diffusivity. 


Discussions of the role of the K theory in atmospheric diffusion, 
and its limitations, are available in Sutton (1953) and Hinze (1959). 
The relationships between the diffusivities of momentum, heat, and matter 
have not yet been firmly established empirically. Existing measurements 
of the diffusivities for heat Runge momentum indicate the following 
relationships: K, > during thermal instability; = in near- 
neutral stratification; and 4 < in stable stratifications (Cramer 
and Record, 1953; Swinbank, 1955, 1964; Lettau and Davidson, 1957; Lumley 
and Panofsky, 1964). These data also indicate that the ratio Ky / in- 
creases with height in the presence of thermal instability. Vertical 
diffusion from elevated sources frequently takes place throughout a 
layer several hundred feet in depth, and releases may also be made in 
the presence of strong surface temperature inversions. The assumption 


MH P= r2 


that the advective temperature change remains constant with height under 
these conditions is probably invalid. 


2.4 SMITH AND HAY (1961) 


Smith and Hay, working from the statistical theory of turbulence, 
derived an expression for the rate of vertical expansion of a cluster 
of particles under the assumptions of isotropy, homogeneity, a Gaussian 
particle distribution, and, perhaps most importantly, a constant ratio 
B between the Eulerian and Lagrangian scales, as suggested by Pasquill 
(1957). 


The complicated expression derived for the expansion of the cluster 
with travel distance proved to be nearly linear over the range of the 
expansion during which the standard deviation of the cluster distribu- 
tion o is within an order of magnitude of the scale length of the tur- 
bulence. For this part of the cluster's history, Smith and Hay obtained 
the approximation: 


Bie (2-8) 


do 
dx 


Wol|h 


where i is the intensity of turbulence. Using data from elevated line 
releases and ground-level cluster releases sampled at downwind distances 
ranging from less than 100 meters to 15 kilometers, they found an optimum 
value of the scaling ratio Bp of 4.5. Inserting this values of gp into 
Equation (2-8) gives 


el 3in oe L | (2-9) 


Several investigators have applied this formula to elevated line 
releases. For this application Equation (2-9) becomes 


do 


Zz 2 
dx 


= 3i, (2-9a) 


In applying Equation (2-9a) to the Dallas Tower line source measurements, 
MacCready, Smith and Wolf (1961) used an "effective" turbulent intensity 
i. to compensate for the vertical gradient of turbulence between the re- 
lease height and ground level. Measured values of the intensity were 
weighted according to the estimated residence time of the cloud within 
selected layers to obtain a value representative of turbulent conditions 
encountered between release height and the ground. The success of this 
technique in predicting ground-level dosages is discussed in Section 4. 
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2.5 GCA MODEL 


The GCA model is based on generalized dosage prediction techniques 
developed by Cramer et al (1964) in work for the Meteorology Division 
at Dugway Proving Ground under Contract Nos. DA-42-007-CML-552 and 
DA-42-007-AMC-120(R). The basic model equation is the dosage form of 
the Gaussian plume equation for an elevated line source given by the 
following expression: 


2 
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o V 2x u eer d se agen 
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The symbols in the above equation are defined as follows: 


x = distance downwind from release point 
= crosswind distance from plume axis 
z = height above ground 
t = source function time or time duration of release 
= crosswind virtual distance 
ex vertical virtual distance 
L = length of release line 


ogo = initial vertical plume dimension 
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o = standard deviation of the crosswind distribution 


c, = standard deviation of the vertical distribution 
h = effective release height 
H = depth of surface mixing layer defined as height above ground 
of the base of a capping temperature inversion 
Q = source strength 
u = mean wind speed at height z. 


The summation term on the right side of Equation (2-10) takes into 
account the multiple reflection of the cloud between the base of a cap- 
ping temperature inversion at height H and the ground (Milly, 1958; Bierly 
and Hewson, 1962). The error function term provides a means for adjust- 
ing for edge effects due to the finite crosswind extent of release lines. 


The form of the crosswind and vertical distributions at various 
downwind distances is in principle described by equations similar to the 
spectrum form of G.I. Taylor's (1938) formula for the mean-square separa- 
tion of particle pairs. In symbols, 


9) 00 
2 oy 2 sin nxn x/u ‘ 
cae cx) aee—— x i F {n) = dn (2-11) 
y 2 Vv 
u mx/u 
o 
and 
Z oo 2 
7 nal 
of (x) = = at f F {(n} | ‘Biedste Ei) dn (2-12) 
z o4 Ww 
u mx/u 
o 
where 
o = the standard deviation of the crosswind distribution 
y 
o = the standard deviation of the vertical distribution 
3 
o /u = the turbulent intensity of the lateral wind-velocity 
Vv 


component 


g /u = the turbulent intensity of the vertical wind-velocity 
component 


x = downwind distance from release point 


F ,F_ = the normalized power spectrum functions of the lateral 
and vertical wind-velocity components respectively 


u = the mean wind velocity 


n = frequency. 
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For practical applications, Equations (2-11) and (2-12) are approximated 
by simple power-law expressions of the general form 


emu louhotges x)" (2-13) 
Ae X7U pus T,X) xy 
and 
G B 
/ x 
a 2 -1 
o. {x} Op x) oF ) (2-14) 
where . 
o% = standard deviation of azimuth wind direction in radians 
or = standard deviation of elevation angle in radians 
t = source release time 
xy = a reference distance 


Q,B = empirical constants. Typical values of the power-law. 
exponent @ range from about 0.8 to 1.0, while § varies 
from about 0.5 in stable stratification to 1.0 for near- 
neutral stratification and larger than 1.0 for unstable 
stratification, 


and the overbar indicates a time average. 


Equation (2-13) is adjusted for the source function time t through 
a semi-empirical one-fifth power-law relationship defined by the expres- 
sion 


‘(t} =a, ( yar 
yy a te a ee L A (2-15) 


where 1_ is the length of record or averaging time required to obtain a 
satisfactory estimate of o, from field observations. The predictor of. 
is not significantly dependent on source release time because of the 
concentration of energy of the vertical component of wind velocity in 
small eddy sizes. 


The basic model equation is adjusted for initial source dimensions 
through the use of a virtual distance x? defined by the expression 


/ 
x = phe ° (2-16) 


The virtual distance x is substituted for the reference distance x. in 
the working expressions for vertical plume expansion given by Equation 
(2-14) which then becomes 
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ZANB 
g(x) = aN e) (2-17) 


2.5.1 Nondimensional Ground-Level Dosage Profiles. The ground-level 


dosage profiles associated with the GCA elevated line-source model are 
defined by a simple family of curves if dosage is normalized by its maxi- 
mum value and distance is normalized by the distance at which the maximum 
dosage occurs. These nondimensional profiles are shown in Figure 2-1, 
each curve in the figure being identified with a specific value of the 
power-law exponent gp. The ordinate D/D and abscissa x/x in Figure 
2 max max 
2-1 are related by the expression 


~B -2p 
D/Paay, = Ve ( = ) exp |- 4( = ) ° (2-18) 


x x 
max max 








2.5.2 Adjustment for Aircraft Wake Effects. Field experiments have 


indicated that the initial vertical cloud dimensions associated with air- 
craft line-source releases are enhanced by the wake-vortex field of the 
aircraft. The expected vertical dimension z_ of the wake-vortex field is 
given by the expression z= 1.33b, where b Ys the wingspan of the aircraft. 
Smith and MacCready (1963) have obtained a close correspondence between 
calculated and measured values of vertical wake dimension for various air- 
craft types using this expression. The calculated values range from about 
50 meters for the C 119 aircraft to 10 meters for the A-4D. Adjustment 
for the initial source dimensions may be made through Equations (2-16) 

and (2-17) as explained above. 


2.6 SUMMARY COMPARISON OF MODEL PREDICTION FORMULAS 


Formulas for describing basic features of the ground-level dosage 
patterns predicted by four of the elevated line source models discussed 
earlier are summarized in Table 2-3. Entries in the table are the math- 
ematical expressions for the ground-level dosage profile D{x,o}, the maxi- 
mum ground-level dosage Dja,, and the distance x,,, from the release line 
to the point at which D is found. As noted previously, all four of 
the models exhibit identical expressions for Dee and these are in turn 
identical with Sutton's formula for the maximum ground-level dosage from 
an elevated line source. Differences in the formulas for D{x,o) and x 
reflect the use of different meteorological predictors to describe the 
vertical expansion of the cloud. The Metronics model formulas differ most 
due to the use of the diffusivity coefficient for turbulent heat transfer 
as the prime meteorological predictor. The ORG-1/7 and GCA model formulas 
for D{x,o} and x are almost identical in form. Provided that the values 
selected for B are approximately equal, the ground-level dosage profiles 
for the GCA and ORG-17 models should agree quite closely. 
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SECTION 3 
SUMMARY OF FIELD PROGRAMS 


Recent field programs using elevated line releases are summarized 
briefly in the subsections that follow. Details of sampling method, 
meteorological support data, instrumentation, and environment are pre- 
sented in Table 3-1. Measurements made in the Dallas Tower and B 502 
field programs are analyzed in detail in Sections 4 and 5. 


3.1 PROJECT WINDSOC 


A series of thirteen trials were conducted by Dugway Proving Ground 
in central Texas during the fall and winter of 1959. Ground-level dosage 
patterns over the 125-mile square test grid showed considerable variabil- 
ity. An attempt was made by Meteorology Research, Inc. to explain the 
variability in terms of meteorological parameters and terrain irregular- 
ities, but no diffusion model was applied (Smith and Wolf, 1961). 


3.2 DALLAS TOWER STUDIES 


Thirty-seven trials were conducted near Dallas, Texas by Meteorology 
Research, Inc. under contract to Dugway Proving Ground (MacCready, Smith, 
and Wolf, 1961). Detailed meteorological data for the series were col- 
lected from the surface to 320 meters with instruments mounted on the 
Cedar Hill (Dallas) Tower. Dosage sampling was carried out by sequential 
filter samplers located at various levels on the tower and by rotorod 
samplers located at ground level at intervals of 1.6 kilometers downwind 
from the release line to a distance of about 48 kilometers downwind. A 
crosswind line of rotorod samplers was operated near the end of the along- 
wind sampling line during twelve of the trials. A detailed re-analysis 
of these data is presented in Section 4. 


3.3 VARIETY-OF-TERRAIN TRIALS 


A total of thirty six trials were conducted to test available pre- 
diction techniques at locations with widely different terrain characteristics. 
These trials, also carried out by Meteorology Research, Inc. for Dugway 
Proving Ground, were divided among sites in Oklahoma, Washington, Nevada, 
and near Corpus Christi, Texas. Sampling was essentially restricted to 
ground-level dosages. In all but the Oklahoma trials, which were made 
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over rolling terrain, observed dosages proved to be very different from 
those predicted using the model of MacCready, Smith and Wolf described 
in Section 2.4. In explanation of the observed dosage patterns, Smith 
and Wolf (1963) presented subjective appraisals of the meteorological 
and topographical causative factors. 


In the Corpus Christi trials, the releases were made over water 
during periods of onshore winds; ground-level dosages were measured from 
the shoreline to a maximum distance of 40 kilometers inland. At the 
shoreline, the flow was subjected to discontinuities in both roughness 
and thermal stability. Turbulence measurements were made from the re- 
lease aircraft and on a 30-meter tower located at the shoreline. These 
measurements are therefore representative of the low-turbulence marine 
air into which the cloud was released rather than the over-land regime 
in which much of the growth of the cloud took place. However, the oc- 
currence of the high dosage values which were quite consistently observed 
near the shoreline appears to be unexplained by reasonable adjustments in 
turbulent intensities. The possible existence of helical circulations 
near the shoreline was suggested as a mechanism for the rapid downward 
transfer of the tracer. 


3.4 B 502 SERIES 


Fourteen trials were carried out at Dugway Proving Ground, Utah, 
and analyzed by Metronics Associates, Inc., (Vaughan and McMullen, 1963; 
Vaughan, 1965). Dosage measurements were made with both ground-level 
and vertical sampling arrays. The ground-level network comprised a line 
of volumetric air samplers extending from the release line to a maximum 
downwind distance of about 24 kilometers. Rotorod samplers mounted on 
cables suspended from balloons provided measurements in the vertical to 
a height of approximately 230 meters. Samplers were also positioned at 
intervals along one 90-meter tower and four 30-meter towers. One of the 
principal problems encountered during these trials was the presence of 
mesoscale circulations which produced irregular cloud trajectories. In 
addition to supplying needed data on dispersion rates, the vertical 
sampling array furnished quantitative measurements of the initial down- 
ward displacement of the cloud due to aircraft wake vortex effects. An- 
evaluation of the B 502 measurements is presented in Section 5. 
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SECTION 4 
ANALYSIS OF DALLAS TOWER FIELD TRIALS 


A detailed description of the experimental procedures and other 
features of the Dallas Tower Field Trials has been given by MacCready, 
et al (1961). The entire series of diffusion trials consisted of ele- 
vated line releases of fluorescent particles (FP) made froma light 
aircraft during crosswind traverses upwind of the tower. All of the re- 
leases were made at night and the effective release heights ranged from 
about 100 to 300 meters above the terrain. The tracer was sampled by 
means of a ground-level rotorod network consisting of five downwind lines 
and one crosswind line. In addition to these surface dosage data, verti- 
cal dosage measurements were made at various elevations on the TV tower. 
Supporting meteorological data consisted of wind and temperature measure- 
ments from instruments mounted on the tower. The sensors included light 
bivanes used to measure the fluctuations in the lateral and vertical com- 
ponents of the wind velocity. The wind and temperature profile instru- 
mentation on the tower is described by Mitcham and Jehn (1964). 


The general terrain in the vicinity of the site varies in elevation 
from 152 to 250 meters above mean sea level and may be classified as roll- 
ing terrain. In interpreting the measurements, it should be noted that 
the tower base is located in a slight depression near the top of a hill 
or ridge. The main portion of the ground-level dosage network is located 
to the north of the tower in a slight valley; the elevation of the valley 
floor was about 60 meters below the top of the ridge. The land in the 
vicinity of the tower is partially forested in contrast to the more open 
area in which the test array was located. Measurements of atmospheric 
structure made at the tower may therefore not be representative of the 
conditions at greater distances over the sampling array. 


4.1 CLASSIFICATION OF TRIALS 


For the present study, the Dallas Tower trials were classified into 
four categories: I, releases in a near-neutral layer with no inversion 
(OT/dz < 0); II, releases in a stable layer beneath an inversion cap 
(OT/dz > 0); III, releases in a stable layer above an inversion cap; and 
IV, releases made in light winds, when the wind speed at the 9-meter level 
on the Dallas Tower was less than 3 meters per second. Data for thirty- 
three trials categorized in this manner are presented in Table 4-l. Of 
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these, sixteen releases were made in near-neutral stratification, nine 

in a stable layer beneath an inversion cap, four above an inversion cap 
and four in light wind situations. Borderline cases were evaluated care- 
fully and placed in what appeared to be the most appropriate category. 
Columns 1 through 8 of Table 4-1 summarize the basic meteorological 
parameters for each of the trials. The symbol H represents the height 

of the capping inversion base and h is the effective release height. 


4.2 COMPARISON OF OBSERVED AND PREDICTED DOSAGE PROFILE CHARACTERISTICS 


In this section, significant features of the observed ground-level 
dosage patterns are compared with predicted values. These features in- 
clude the distance x,,, at which the maximum dosage occurs, the maximum 
dosage Dia » dosages observed within the 50 percent limits of D - given 
by the predicted ground-level dosage profile, the mean dosage along the 
crosswind row of samplers, and the total area dosage calculated from nor- 
malized ground-level dosage profiles. Predicted values include those pre- 
viously determined by MacCready, et al (1961) and new values calculated 
from the GCA model. In the case of x,,,, the mean of the observed values 
of the data set is also considered a predicted value. No values were 
computed by MRI (MacCready, et al, 1961) for Trials 10, 16, and 32 in 
which the releases were made above an inversion cap, or in the presence 
of light winds. These trials are therefore not included in the compari- 
sons of observed and predicted dosage parameters discussed below and 
summarized in Tables 4-1 to 4-5. 


4.2.1 Distance to Maximum Dosage. Column 9 of Table 4-1 presents 


the distance x,,,obs at which the highest measured value of the dosage 
occurred. The distribution of the ratio x ped Ly calculated from Columns 
3 and 9, for all the trials in Categories t and II has a mean value of 
156 and a standard deviation of 75. No differences in the ratio distri- 
butions for the two categories are discernible, although the small sample 
size in Category II makes any comparison rather qualitative. 


Columns 10, 11, and 12 of Table 4-1 compare the observed distance 
at which the maximum dosage occurred to the predicted distance through 
use of the ratio x_,.obs/x_.. pred. Ratios entered in the table are 

max ma 
based on predicted values calculated by three procedures as indicated 
by numbers in the column heading. The predicted value of x,,, used to 
obtain the ratios in Column 10, headed (3), is the mean of the observed 
a values for all trials included in the particular stability class 
being considered. The predicted distances used to obtain the ratios in 
Column 11, headed (2), were calculated by MRI from the expression 


|= 


Xnax 4 ied) 
3i 


M Rh 


in which h is the release height and ‘ is a measure of the effective 
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TABLE 4-2 


SUMMARY OF OBSERVED AND PREDICTED GROUND-LEVEL DOSAGE PROFILES 
FOR DALLAS TOWER TRIALS, CATEGORIES I AND II 
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x obs D obs D_obs 

max BMaARee cat Wa & 

x axPred D naxer ed. D pred 
* 

CATEGORY I GCA -MRI__sCODATA': MEAN GCA MRI GCA MRI 
N 14 14 14 14 14 15 15 
Meat 1-42 SECO 1.00 ipey.  aeete Nie bene 
Median 1702 elni6 0.95 pe) wa thpan OFT 2e I L6 
Standard Ol ee OS 0.43 07530 80:78 0.45 0.99 
Deviation 

CATEGORY II 
N 5 5 5 5 5 6 6 
Mean 0.66 0.85 1.00 0°79) 1807 0244 B13 
Median 0169 9 0N67 0.68 0.62 0.94 0.40 0.84 
Standard 0.11 0.50 0.73 Onssae 0NS4 Ok 27mm 0272 
Deviation 

obs 


TABLE 4-3 


CUMULATIVE FREQUENCY DISTRIBUTION OF D axoPs/D4,Pred FOR DALLAS 
TOWER TRIALS, CATEGORIES I AND II. SET A ASSUMES MULTIPLE 
REFLECTION; SET B ASSUMES NO REFLECTION. 





at II 


A B 


Dob 
max Cumulative Peexcns Cumulative ep: Cumulative 


D d He 7, 7h 
naxPte Frequency (%) D waxPt ed Frequency (%) D waxPt ed Frequency (%) 


0 0 0 0 0 0 

0.05 0 0.05 0 0.05 0 

0.10 0 0.10 0 0.10 0 

O55 0 0.15 28.6 O15 12.5 
0.20 0 0.20 28.6 0.20 25.0 
0.25 6o7 0.25 42.8 0225 e520 
0.30 6.7 0.30 42.8 0.30 By. 5 
0535 6.7 0.35 42.8 0.35 B75 
0.40 1303 0.40 A2ee 0.40 37.5 
0.45 1373 0.45 57 ek 0.45 37.5 
0.50 20.0 0.50 (bite 0.50 B75 
0.85 20.0 02.55 vente 0255 50.0 
0.60 26.7 0.60 85.7 0.60 62.5 
0.65 33.3 0.65 85.7 0.65 62.5 
0.70 3573 0.70 85.7 0.70 62.5 
Pag eye: 0.75 85.7 0.75 75.0 
0.80 46.7 0.80 85.7 0.80 75:0 
0.85 San3 0.85 85.7 0.85 75.0 
0.90 BPS 0.90 85.7 : 0.90 75.0 
0.95 60.0 0.95 85.7 0.95 87.5 
1.00 33 1.00 85.7 1.00 87.5 
1205 13.35 105 85.7 1-05 87.5 
1.10 73.3 1210 85.7 10 87.5 
15 ies has is 85.7 ToL 87.5 
1.20 hey os 1.20 85.7 1.20 87.5 
25 VSS. 25 85.7 1725 87.5 
1.30 80.0 1.30 85.7 1230 87.5 
35 86.7 1305 85.7 135 87.5 
1.40 86.7 1.40 100.00 1.40 87.5 
E45 86.7 1.45 87.5 
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max 


obs 


Cumulative 


TABLE 4-3 (continued) 


II 


A Paes 
wee Cumulative aa Cumulative 


D axPred Frequency (%) D axPred Frequency (%) D waxPted Frequency (%) 


EPR RP eee Pe ee 
C25 ¢ @27950.). 6.058 ef) 6  £& © 


N bo 


1.50 100.00 


XIII-28 


TABLE 4-4 


SUMMARY STATISTICS FOR RATIO DISTRIBUTIONS 
OF OBSERVED AND PREDICTED DOSAGES 








N Median Mean o Confidence Limits 
‘CATEGORY 

(a) To Accompany Table 4-3 
I 15 0.83 0.95 0.54 0.24 2.07 
IIA 7 0.43 0.48 0.44 0.11 1.38 
II B 8 0.55 0.60 0.44 0.12 1.48 

(b) To Accompany Table 4-5 
= 275 0.54 0.63 0.45 0.08 1.55 
LA 157 0.11 0.19 0.27 0.05 0.70 
II B 179 0.15 0. 28 0.34 0.00 0.80 








XIiiv29 


TABLE 4-5 


CUMULATIVE FREQUENCY DISTRIBUTION OF petoueored FOR DALLAS TOWER 
TRIALS, CATEGORIES I AND II. SET A ASSUMES MULTIPLE 


REFLECTION; SET B ASSUMES NO REFLECTION. 


——— ee ass ___. 





I Il 
A B 
D D D . 
obs Cumulative obs Cumu lative obs Cumu lative 
Deed Frequency (4%) ered Frequency (%) Sed Frequency (%) 
ef 2 Oe ee ee ea eae ee ee 
0 0.4 0 1825 0 14.0 
0.05 Paci) 0.05 38.8 0505 las il 
0.10 T= 0.10 47.7 0.10 40.2 
0.15 2 uf 0.15 56.0 Os 5 50.3 
0.20 BY Aa 0.20 713 0.20 » SpE 5 
0.25 26.5 OFZ PhP es 5) 0.25 60.9 
0250 28.4 0.30 85.3 0.30 64.2 
0.35 331 Or35 89.2 0.35 67.6 
0.40 38.5 0.40 91.0 0.40 70.3 
0.45 a2 0.45 92.4 0.45 74.9 
0.50 47.3 0.50 93.0 0.50 80.4 
0.55 51.6 0.55 93.6 BF 86.0 
0.60 55.6 0.60 94.2 0.60 88.8 
0.65 59.2 0.65 94.9 0.65 92.2 
0.70 61.8 0.70 95.5 0.70 92, 
0.75 66.2 0.75 95.5 On 94.4 
0.80 71.3 0.80 95.5 0.80 94.9 
0.85 Thos 0.85 95.5 0.85 94.9 
0.90 76.0 0.90 96.1 0.90 95.5 
0.95 80.7 0.95 96.1 0.95 95.5 
1.00 83.3 1.00 96.8 1.00 952) 
1.05 84.4 1.05 96.8 1.05 95.5 
12.10 86.2 be) 96.8 LO 9535 
15 87.6 pli ist 96.8 iba Hes 95.5 
1.20 89.1 1.20 97.4 20 96.6 
Le2o 89.4 i he PAS) 97.4 1.25 96.6 
1.30 90.2 1.30 98.0 1.30 Whey. 
1335 91.6 1.35 98.0 Lao Oe 
1.40 92.7 1.40 98.0 1.40 S752 
1.45 94.1 1.45 98.0 1.45 Oye 
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TABLE 4-5 (continued) 





I Il 
1 ac B 
D D D : 
obs Cumulative obs Cumulative obs Cumulative 
Deed Frequency (%) ered Frequency (%) ered Frequency (%) 
1.50 94.2 Teer 99.36 i 98.3 
L255 94.9 To 99.36 Abele) 98.3 
1260 96.0 1.60 99.36 1.60 98.3 
1.05 96.7 1565 99.36 hon 99.44 
1.70 G2 ot 1.70 100.00 Deo 99.44 
aT ES Of al iA fa 99.44 
1.80 97.8 1.80 99.44 
1.50 97.8 lip ste 99.44 
1.90 97.8 1.90 99.44 
Lee 97.8 Lav 100.00 
2.00 98.5 
2.05 98.5 
Zal0 99.27 
2015 99.27 
2e20 99.64 
YAY de 100.00 
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vertical turbulence intensity. The ratios in Column 12, headed (4), were 
calculated from the GCA model formula (see Section 2.5) which becomes 


h 
o.(h} 





1/0.9 
(4-2) 


x naxPred = 


when £6 is taken to be 0.9 and x, is taken to be 1.0 meter. 

The distributions of the ratios presented in these three colums have 
been analyzed for their means, medians and standard deviations. The re- 
sults grouped by stability category, are shown in Table 4-2. For the four- 
teen trials in which the release was made in a near-neutral layer with no 
inversion, both the MRI and GCA models tend to underestimate the distance 
to the maximum dosage. The mean value of X ax is 1.60 for the MRI model 
and 1.42 for the GCA model. Corresponding median values are 1.02 and 
1.16 respectively. The standard deviations of the distributions of the 
ratios computed by these two techniques are nearly equal, and both are 
approximately 2.5 times larger than the standard deviation of the data- 
mean distribution. If Trials 6 and 30 are eliminated from consideration, 
the mean value of the ratio is 1.26 for the MRI model and 1.05 for the 
GCA model; the corresponding values of the standard deviations are re- 
duced to 0.61 and 0.33 respectively. The GCA model standard deviation 
in this case is somewhat smaller than that for the data-mean distribution, 
which has a standard deviation of 0.40. 


For the five trials in which the releases were in a stable layer 
beneath an inversion cap, both models tend to overestimate the distance 
to the maximum dosage. The mean and standard deviations for the GCA 
model are respectively 0.66 and 0.11, while the corresponding values for 
the MRI model are 0.85 and 0.50. Median values for all three distribu- 
tions are nearly identical and are approximately equal to 0.7. The use 
of either model results in a smaller standard deviation than that ob- 
tained by the use of the data mean. A sixth trial can be added when com- 
paring ratios based on the GCA model with those based on the data mean. 
When this is done, the standard deviations based on the GCA model and 
the data mean are, respectively, 0.18 and 0.64. 


The distance at which the dosage level first becomes equal to one- 
half the maximum dosage occurs on the steeply rising portion of the 
dosage-distance curve and is frequently better defined than the distance 
at which the maximum occurs. A comparison of the observed distance at 
which this dosage level first occurs to the distance predicted by the 
GCA model was made using the ratio Xnax/20S/Xna x gpred. In general, the 
agreement between observed and predicted values is slightly poorer than 
in the case of x,,,- For example, the mean values of the ratio and the 
standard deviation of the distribution are 1.38 and 1.31, respectively, 
for the fourteen releases of Category I; these values are reduced to 1.04 
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and 0.43 respectively when Trials 6 and 30 are omitted. For the six 
releases of Category II, the mean value of the ratio is 1.00 and the 
Standard deviation 0.28 when the model calculations do not include the 
multiple reflection terms. For five of these releases, the ratios were 
also computed assuming H equal to the height of the inversion with the 
result that the mean value of the ratio was 0.89 and the standard devi- 
ation 0.28. These results suggest that the use of the distance to one- 
half the maximum, x » offers no advantage over x in describing the 
observed dosage heey seas 


4.2.2 Maximum Ground-Level Dosage. The observed maximum ground- 


level dosages are compared to the values predicted by the Gaussian model 








by means of the ratio D__ obs/D xPred. In principle, the mean wind 

speed for the dosage modet should be measured at the height of the sampler. 
The measurement height closest to the height of the samplers of the ground- 
level network in these trials was 9 meters, and Column 13 of Table 4-1 
presents ratios using the 9-meter wind speed (GCA model). Column 14 pre- 
sents equivalent ratios determined by MRI in which u is an average wind 
speed for the layer between the ground and the release height. The re- 
sults for Categories I and II are summarized by the mean values and stan- 
dard deviations of the distributions listed in Table 4-2, in which N is 
the number of trials. When the effective release height was in a stable 
layer above an inversion cap (Category III), the tracer material reached 
ground level only in small amounts at widely scattered points. During 

the light wind cases (Category IV) the vertical expansion of the plume 
either was insufficient to bring the cloud to the ground within the 
sampling network, or the ground-level dosage patterns were anomalous due 
to the presence of large fluctuations in wind direction. For the fourteen 
trials of Category I, the mean value of the ratio Dnax00S/DrayPred is 0.97 
when the predicted value is computed from the GCA model and 1.56 when 
computed from the MRI model. The corresponding standard deviations based 
on the two models are 0.53 and 0.78 respectively. For the five trials of 
Category II, the mean value of the ratio based on the GCA model is 0.79 
and the mean value based on the MRI model is 1.07. There is no signifi- 
cant difference between the standard deviations based on the two models. 
Differences in the mean values of the GCA and MRI ratio distributions are 
principally due to the differences in the mean wind speed used in the 


calculations. 


Ordered values of the ratio of observed and predicted values of the 
maximum ground-level dosages and cumulative frequency distributions of 
these ratios are presented in Table 4-3 for the trials in Categories I 
and II. Predicted values of D were determined from ground-level dos- 


age profiles calculated by means of Equation (2-10) using the OF values 
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at release height and the mean wind speeds at a height of 9 meters given 
in Table 4-1. The model standard deviation of the vertical dosage distribu- 
tion owas calculated from Equation (2-14) 


(x} = a, rerals 
GO AXs = OF xy san ’ 


where x, is assumed to be 1 meter and OE is in radians. Two sets of 
ratios are reported for Category II. In the first set (A), the values 
of H shown in Table 4-1 have been used to calculate the predicted max- 
imum dosage, and the results thus include the effects of multiple reflec- 
tion. In the second set of ratios (B), the predicted values of Dnay do 
not include mltiple-reflection effects. Maximum dosage values computed 
by the two procedures differ significantly only when the effective re- 
lease height h is just beneath the base of the capping inversion. Prop- 
erties of the above ratio distributions are summarized in Part (a) of 
Table 4-4, which lists the sample size N, arithmetic mean, median, stan- 
dard deviation, and the 5- and 95-percent confidence limits. The arith- 
metic mean of the distribution for Category I (near-neutral) is approxi- 
mately unity; for sets A and B of Category II, the arithmetic mean of 
the distributions is approximately 0.5. The corresponding coefficients 
of variability (a/mean) range from 0.57 for Category I to 0.92 and 0.73 
for sets A and B respectively. There is approximately one order of mag- 
nitude difference between the 0.05 and 0.95 confidence limits of the 
ratio distribution for each of the three classes. Summary statistics of 
Part (a) of Table 4-4 are based on a greater number of trials than the 
number that could be used in preparing Table 4-2. 


4.2.3 Dosages within 50 Percent Limits of D,4,pred. Observed and 


ene EEE ——E———— ee 
predicted dosage values within'the 50-percent limits of Di... given by the 
GCA model have been compared by means of the ratio Dops/Dpred: Predicted 
values for Categories I and II were determined from the dosage profiles 
obtained from Equation (2-10) by the procedures outlines in the preceding 
paragraph. Ordered values of the ratio of observed and predicted dosages 
and cumulative frequency distributions of these ratios for these stability 
categories are presented in Table 4-15. Summary statistics for these 
distributions are presented in Part (b) of Table 4-4. The results support 
the conclusions reached previously from a study of the observed and pre- 
dicted maximum values of ground-level dosage shown in Table 4-2. The mean 
and median of the ratio distribution for Category I are two to five times 
larger than the corresponding values for sets A and B of Category II. Also, 
the coefficients of variability for sets A and B (1.42 and 1.21) are nearly 
twice as large as that for Category I (0.71). 


4.2.4 Ground Level Dosage Profiles. Figures 4-1 through 4-9 show 


the normalized dosage D/D ax as a function of downwind distance x for 
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each of the trials in the Dallas Tower series. The normalized dosages 

are computed as the ratio of the observed dosage to the predicted maximum 
dosage. The solid curve in each figure is the predicted normalized dosage 
distribution based on the GCA model (Equation 2-10). Figures 4-1 through 
4-4 are for cases under near-neutral thermal stratification. Figures 4-5, 
4-6, and 4-7 are for cases where the tracer was released in a stable layer 
beneath the inversion cap. The cases in Figure 4-8 refer to releases above 
the inversion cape The cases for a light-wind category are presented in 
Figure 4-9. 


From these figures, it is apparent that in Trials 4, 5, 6, 7, 18, 20, 
28, and 35, the observed normalized dosage distributions agree reasonably 
well with those predicted. All of these cases fall in the near-neutral 
category, and the mean wind speeds both at the release height and at 9 
meters are higher, on the average, than for the rest of the trials. With 
the exception of Trial 35 the wind speeds at release height exceed 11.4 
meters per second and those at 9 meters are all greater than 4 meters per 
second. Under the same category, cases with low wind speeds at 9 meters 
such as Trials 21, 23, 29, and 30, show considerably less agreement be- 
tween observed and predicted dosages, especially for distances greater 
than 15 to 20 kilometers. 


For releases beneath the base of an inversion cap, the agreement 
between observed and predicted dosages is generally poor. One feature 
common to Trials 11, 17, 26, and 27 (Figures 4-5 and 4-6) is that the 
peak dosages occur at relatively short distances from the source. In 
these cases, the 9-meter wind speeds range from 2.6 to 5.4 meters per 
second, while the rest of the cases all have wind speeds below 3.1 meters 
per second. For Trials 9, 10, 16, and 32 (Figure 4-8), where the releases 
were above the inversion, essentially no dosage was observed at the ground. 
It should be remembered that the model generally predicts very low dosages 
in most cases (see Trial 32). This is true also for Trials 12 and 34 in 
the light-wind category. In this latter category a large discrepancy ex- 
ists between the observed and the predicted dosages for Trials 1 and 19 in 
Figure 4-9. 


The areas beneath the curves of Figures 4-1 through 4-9 are relative 
measures of the total dosage Dp along the sampling line. A quantitative 
measure of the degree of conformity between the observed and predicted 
dosages is the ratio Drpobs/Dppred. Values of this ratio computed from 
the curves of Figures 4-1 through 4-9 are presented in Column 17 of 
Table 4-1. Computed ratios from the MRI model (Figures 11, 12, and 13 
of MacCready, et al, 1961) are shown in Column 18 for comparison. 

( 


In Column 17 it is evident that the highest values of the ratio 
occur in the near-neutral category, in which the wind speed is generally 
high. Closer examination shows that the ratio tends to increase with 
increasing 9-meter wind speed. For example, Trials 4, 5, 6, and 7 all 


have Yon > 6.5 meters per second and the ratios all exceed 0.66. On the 
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other hand, Trials 19, 27, and 34 with ug, < 4 meters per second all have 
ratios less than 0.10. In between these two regions are intermediate 
values of both the ratio and wind speed (Trials 11, 27, 23, and 30). The 
above relationship between Dpobs /Dppred and wind speed also hold approxi- 
mately if the wind speed at release height is substituted for the 9-meter 
wind speed. 


The last column in Table 4-1 gives Dp ratios based on profiles pre- 
dicted by the MRI model. Little variation in the ratios with wind speed 
is apparent. This and the fact that the majority of the values exceed 
unity is accounted for by the use of a layer wind speed in the MRI model 
application. For cases in the near-neutral category, the GCA model yields 
a mean ratio of 0.74 and a standard deviation of 0.45 while the MRI model 
gives a mean ratio of 1.43 and a standard deviation of 0.99. For cases 
in the stable, beneath-cap-release category the mean and the standard de- 
viation from the GCA model are respectively 0.44 and 0.27; while those 
from the MRI model are respectively 1.13 and 0.72. 


4.2.5 Dosage at Crosswind Sampling Line. As mentioned previously, 


dosage measurements during twelve of the Dallas Trials were taken along 
a crosswind line located about 40 kilometers downwind from the tower. 
Dosages were measured at 13 fixed stations spaced at intervals of about 
3.2 kilometers along this crosswind line. 


Column 15 of Table 4-1 presents values of the ratio of D wos /Doywpred 
for 10 of the 12 trials. The overbar indicates the mean of the dosages 
measured along the crosswind line. Distances to the sampling line were 
measured along the wind direction observed at release height from the 
ground projection of the release line to the midpoint of the crosswind 
line. The observed values of D/Q are mean values of those stations 
judged to be within the central portion of the cloud. Points outside of 
this segment were discarded to eliminate edge effects. The predicted 
dosages were calculated by means of Equation (2-10). 


It is seen that the ratios range from 0.31 to 1.13. The mean ratio 
for all 10 trials is 0.55; similarly, for the first 9 trials, discarding 
Trial 30, the mean ratio is 0.49. On the average, therefore, the GCA 
model overestimates the observed dosage by a factor of about two. Exami- 
nation of these ratios with respect to the other parameters, such as the 
wind speed at 9 meters and oF at release height, shows no apparent rela- 


tionships. 
4.3 CROSSWIND VARIABILITY OF DOSAGE 


The coefficient of crosswind variability of dosage is defined as the 
standard deviation of the dosages measured on the crosswind line divided 
by their mean. Table 4-6 presents values of this coefficient for trials 
in which crosswind measurements were available. For some of these trials, 
it was apparent that several of the samplers were outside the central 
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TABLE 4-6 


CROSSWIND VARIABILITY OF DOSAGE FROM DALLAS TOWER TRIALS 


Trial No. 


No. of 
Observations 


13 
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Comments 


East half of line 


East half of line 


West half of line 


Very low measured 
Very low measured 


Very low measured 


missed 


missed 


missed 


dosages 
dosages 


dosages 








portion of the tracer cloud. Inclusion of dosages from these stations 
would be expected to give an underestimation of the mean dosage and an 
overestimation of the standard deviation; both effects would tend to 
overestimate the coefficient of variability, and therefore these measure- 
ments. were not included. The range of values of this statistic is similar 
to that found at a much shorter travel distance for the ground-level line 
releases of the BC-412 diffusion trials (Cramer, et al, 1965). 


Because of the small sample size no attempt has been made to relate 
the calculated variability coefficients to stability parameters. Never- 
theless, Trials 26 and 27, both stable cases, show values of Op/D lower 
than most of the near-neutral cases. This suggests a decrease in vari- 
ability with increasing stability in rough conformity to the findings of 
the BC-412 trials. Trials 31, 32, and 33 give the highest values for the 
variability coefficient. These are cases where the mean wind at 9 meters 
is low and the observed dosages are small and erratic. 


4.4 SUMMARY OF THE DALLAS TOWER ANALYSIS 


The results of the preceding analysis show the elevated line-source 
technique to be subject to important meteorological restrictions. The 
principal conclusions may be conveniently summarized in terms of the 
four categories which were used to classify the trials. 


Category I: Releases in a Near-Neutral Layer with No Inversion 
Category II: Releases in a Stable Layer Beneath an Inversion Cap 


Ground-level dosage profiles for these two categories are in fair 
agreement with profiles predicted by both the MRI and GCA models. The 
utility of the two models is shown by the summary statistics presented 
in Table 4-7. No significant difference between the success of the two 
models is evident. It may be noted however that the GCA model tends to 
predict dosages slightly in excess of the observed values, while the MRI 
model tends to predict dosages that are somewhat smaller than the observed 
values. This difference results primarily from the use of different wind 
speeds in the two models. Perhaps the most general of the dosage statis- 
tics are those for total ground-level dosage along the sampling line. 

The observed total dosages are about 65 percent of the values predicted 

by the GCA model and about 125 percent of the values predicted by the MRI 
model. It can be seen from Table 4-7 that both models predict the distance 
at which the maximum ground-level dosage occurs with comparable precision. 
The distance to the maximum dosage varies from about 100 to 300 times the 


release height. 


Catego III: Releases in a Stable Layer Above an Inversion Ca 


In three of the four trials in which the release was made in the de- 
coupled layer above an inversion cap, the material did not reach the ground 
level in 30 miles. In the fourth trial, dosages were small and the dosage 


pattern anomalous. 
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SUMMARY STATISTICS OF DOSAGE PARAMETERS FOR 


Parameter 


D axe es Pana yPred 


D,,obs/D,pred 


De paieoeed 
within 50% limits of 
D___ipred 

max 


D__obs/D pred 
cw 


X axe? 8/¥nayPred 


TABLE 4-7 


COMBINED CATEGORIES I AND II 


Model 


MRI 
GCA 


MRI 
GCA 


GCA 


GCA 


Median 


1.09 
0.82 


1.19 
0.61 


O31 


0.46 


1s 
0.95 
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Mean 


Hess 
0.90 


N45) 
0.66 


0.45 


0.55. 


1.40 
oe 20 


Range 


0.49 
0.23 


0.16 
0.10 


-00 


aiep! 


0.32 
0.55 


3.41 
2.30 


74 Uy | 


1.98 


Za2o 


1.13 


4. 20 
4.08 


Category IV: Light Wind Cases 


In the four light wind cases, either the vertical intensity of tur- 
bulence was insufficient to bring the material to the ground within 30 
miles or the dosage patterns were anomalous. 
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SECTION 5 
ANALYSIS OF DUGWAY B 502 TRIALS 


5.1 DESCRIPTION OF THE TRIALS 


Measurement techniques and other features of the B 502 series of 
field trials conducted at Dugway Proving Ground have been discussed 
briefly in Section 3.4 and are summarized in Table 3-l. A detailed de- 
scription of the experimental procedures, the conduct of the trials, and 
the dosage measurements obtained is available in reports by Vaughan (1965) 
and by Vaughan and McMullen (1963). The B 502 field program comprised 
fourteen trials in which FP tracer material was released from L-20 or 
L-23 aircraft during crosswind traverses upwind from a sampling network. 
The effective release heights were generally lower than those for the 
Dallas Tower trials, ranging from about 14 to 126 meters. In five of 
the fourteen trials, two aircraft were used to make simultaneous releases, 
at two different heights. One aircraft released green FP at a height of 
about 125 meters while the second aircraft released yellow FP at a height 
of 70 meters. In one trial (No. 8), yellow FP was released from a ground- 
level line source in conjunction with an aerial line-source release of 
green FP at a height of 120 meters. 


5.1.1 Reliability of Ground-Level Dosage Measurements. Ground- 


level dosage measurements during the B 502 series were made by means of 
volumetric air samplers in which the tracer was collected on membrane 
filters. Dosage measurements at heights above ground level were prin- 
cipally based on rotorod collections made on towers and on balloon cables. 
In twelve of the trials, simultaneous rotorod and membrane-filter dosage 
measurements are available at three heights at each of three downwind 
towers. A comparison of the dosages measured by each pair of collectors 
shows unexpectedly large discrepancies. The results of an analysis of 
the frequency distributions of the logarithms of the ratios of membrane 
filter (M) and rotorod (RR) dosages may be summarized by the following 
probability statements: for the combined distribution of both green and 


yellow FP (79 pairs), 
Pr {o.16 < Dy/Der S 3.01} = 0.95, N= 79 


and ee 
Pr {o.59 < Di /PRR <10;62(6= 0.9500, 
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where the overbar denotes the geometric mean value of the ratio. The 
rotorod dosages are adjusted for a collection efficiency of about 60 per- 
cent. The B 502 data are not adequate for determining the cause of the 
large differences between the rotorod and membrane-filter measurements 
reflected in these probability statements. The possibility that the 
membrane-filter measurements, and thus the B 502 ground-level dosages, 
contain large random errors seriously limits the confidence that can be 
placed in the measured ground-level profiles. 


3-1.2 Terrain Features and Mesoscale Circulations. The terrain 
features associated with the B 502 series are quite different from those 
prevailing in the vicinity of the Dallas Tower. The B 502 trials were 
conducted over a flat desert surface with a Sparse vegetative cover 
consisting of small desert plants and bushes. The sampling network was 
located in a broad valley bordered on the east and west by mountain ranges. 
The mean elevation of the ridge lines is about 1.5 kilometers above the 
valley floor. 


In the B 502 series, tracer releases were made when the general 
direction of the air flow was along the major axis of the valley. How- 
ever, it should be pointed out that the climatic regime and terrain fea- 
tures at this field site are ideally suited to the development of impor- 
tant local wind circulations, especially in the presence of fair weather 
and light gradient winds (see Barr and Tweedy, 1967). At night under 
these conditions, strong radiational temperature inversions form in the 
surface layer, and the winds near ground level are likely to be almost 
completely decoupled from the flow at higher levels. Also, the low-level 
wind patterns exhibit large space and time variations which result in 
very erratic and unpredictable downwind transport of tracer clouds (see 


Section 5.2). 


5.2 CLASSIFICATION OF B 502 TRIALS 


Classification of individual trials in the B 502 series follows the 
procedure used in the analysis of the Dallas Tower Trials (see Section 4.1). 
Table 5-1 shows the grouping of the trials into four basic categories de- 
fined by the wind and temperature structure in the layer between release 
height and ground level. Entries in the body of Table 5-1 present per- 
tinent meteorological and source parameters as well as selected features 
of the ground-level dosage profiles associated with each trial. Since 
no measurements of the wind elevation angle or vertical intensity of tur- 
bulence are available for this series of trials, the GCA model can be 
used only for predictions of the maximum ground-level dosage Dnax’ Zhe 
mean of the observed distances to the maximum dosage XmaxObs is used for 
the predicted value of x,,, in Column 9 for all cases. In Column 10, 
XmaxPred is the value calculated by Vaughan (1965) using the Metronics 


heat-flux model. 
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Analysis of dosage measurements made during the B 502 program, and 
during other trials at Dugway Proving Ground, on a 100-meter tower located 
about 90 meters downwind from the release line showed the mean effective 
release height for thirty eight trials to be 11.4 meters below the height 
of the aircraft. Several types of aircraft, including the L-23 and FJ4, 
were used but no significant differences due to type of aircraft were found. 
A depression of 11.4 meters corresponds to a mean downward velocity of 
about 1 meter per second, which agrees closely with values calculated from 
the expression (Metronics Associates, 1964): 


w= We/pav , (5-1) 


initial downward velocity (ft ae) 
aircraft weight (lbs) 

gravitational acceleration pe sec” “) 
wake cross-section area (ft*) 

true air speed of the aircraft (ft sec7!) 
= air density (lb ft73). 


Udwam He 
| 


Maximum dosages were calculated by Metronics using both the actual and 
effective release heights. Significant differences were found only for 
the lowest release heights, which were from 14 to 30 meters. z 


Dosage measurements made on the 100-meter tower during the B 502 
series also were used to estimate the initial vertical cloud dimensions a 
go. The average value of v, observed during ten trials was 5.8 meters. 
fe) fe) 
These estimates were used by Metronics in calculating predicted values 
of x from the expression 
max 


x Leap? - (o, )?] (5-2) 
oO 


ae Urs 
max 2K 


where K is the vertical diffusivity and h is the effective release height. 
These values of x s have been used to form the ratios shown in Column 10 


of Table 5-l. 


According to Vaughan (1965), only three of the fourteen trials in 
the B 502 series are considered successful with respect to satisfying 
the stability, wind conditions, and dosage-measurement objectives of the 
field experiments. Seven trials are regarded as only partially success- 
ful either because of variable wind conditions, which precluded adequate 
measurements over the entire downwind sampling network (Trials 1, 2, 3, 
8, 10, and 14), or because of dosage sampling deficiencies (Irigis’ Lc, 
opt oseanG 14). Finally, four trials were considered unsuccessful due 
to poor cloud trajectories (Trials 7, OeeLLs -anGd (12). 4 
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5.3 DISCUSSION OF GROUND-LEVEL DOSAGE PROFILE 


As mentioned in Section 5.2, predicted or model estimates of ground- 
level dosage parameters are limited due to the absence of turbulence 
measurements in the B 502 series. This precludes the use of the GCA 
model except for estimates of D,,,, which are calculated from a formula 
common to all Gaussian plume models. Predicted values for the distance 
to the maximum are available from the Metronics heat-flux model and from 
the mean of all the observed maximum distances. The following discussion 
is based on the entries in Table 5-1 and the summary statistics for Cat- 
egories I and II of this table, which are shown in Table 5-2. 


5.3.1 Comparison of Observed and Predicted Maximum Dosage. Observed 


and predicted values of Dyg, are compared by means of the ratio Dja,0bs/ 
DnaxPred: Differences between the predicted values used in calculating 

the ratios presented in Columns 11 and 12 of Table 5-1 arise from the use 
of different mean wind speeds in the Gaussian model. The ratios in Column 
11 are based on the mean wind speed at 2 meters (GCA model), and the ratios 
reported by Metronics in Column 12 are based on the average wind speeds 
listed in Column 4. The use of a low-level mean wind speed reduces the 
large values reported in Column 12 for Trials B-5Y, B-l0Y, B-3Y, and B-11Y. 
The mean, median, and standard deviation of the ratio distributions for 
Categories I and II are presented in Table 5-2. 


The small values of the ratio reported in Category III reflect the 
very small amount of material that was able to penetrate the inversion 
and reach ground level. The two releases made in Trial 6 are of partic- 
ular interest. The effective height of release for the yellow pigment 
was only 18 meters above the inversion cap located at 45 meters, and 
small amounts of pigment reached ground level. In contrast, the effec- 
tive height of release for the green pigment was 64 meters above the in- 
version cap. In this case no material was measured at ground level. 


Prediction of D,,, for the light wind releases was good, but the 
variable winds present caused irregularities in the dosage profile. 


5.3.2 Comparison of Observed and Predicted Distance to Maximum 


Dosage. Comparison of the observed distance to maximum ground-level 
dosage with the distance predicted by the Metronics model is made by 
means of the ratio x,4,0bs/x,,,pred. For Category I the mean value of 
the ratio is 0.97 and the standard deviation of its distribution is 1.57. 
The mean is strongly influenced by Trial B-9Y, however, and a more sig- 
nificant statistic may be the median value of 0.30 which indicates that 
the Metronics model tends to overestimate x,,,- Values of the ratio for 
Category II show extreme variation, ranging from 0.23 to 60.00. The only 
ratio reported for the trials of Category III is based on a ground-level 
profile of small measured dosages and no well defined maximum. For the 
two releases of Category IV the observed value of Xnax Was 56 percent of 
the predicted value. 
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TABLE 5-2 


SUMMARY OF OBSERVED AND PREDICTED GROUND- LEVEL DOSAGE PROFILES 
FOR DUGWAY B 502 FIELD TRIALS, CATEGORIES I AND II 


x axes weroPe 
x axPred D axPred 
ee Re ae ee eT Oe ee ae ee ee. ss SRS P 
CATEGORY I Metronics Data Mean™ GCA Metronics 
N g 9 9 9 
Mean 0.97 1.00 1.24 1.54 
Median 0.30 1205 120 1.06 
Standard Deviation 1n D7 1.10 0.56 118 
CATEGORY II 
N 5 5 5 5 
Mean 13.39 1.00 0.96 2.43 
Median 2.10 1.34 0.79 | ey Bs 
Standard Deviation 26812 0.83 0.38 1.46 








* a 
x pred = x obs 
max max 
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In contrast to the Dallas Tower trials, the ratios of x,,,/h show a 
large range of values and differ in the mean by a factor of 6.5 between 
Categories I and II. Values of these ratios range from 3 to 104 for the 
trials of Category I, and from 29 to 561 for the trials of Category II. 
Mean values for these two categories are 35 and 226 respectively. 


5.4 SUMMARY OF THE B 502 SERIES ANALYSIS 


The results of the B 502 series support the classification system 
used in analyzing the elevated line source trials and in summarizing the 
meteorological restrictions which apply to the use of the elevated re- 
lease. In addition, several trials of the B 502 series illustrate er- 
ratic and unpredictable downwind transport of the tracer clouds associ- 
ated with local wind circuations. Further, it appears that significant 
penetration through an inversion cap to ground level may occur from re- 
lease heights of about 50 meters or less. 
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SECTION 6 
SUMMARY OF RESULTS AND CONCLUSIONS 


Current procedures for modeling elevated line-source releases have 
been examined with respect to existing knowledge of low-level atmospheric 
structure and measured dosage patterns. Comparisons of existing predic- 
tion techniques show the principal differences to be in the method used 
to specify the rate of vertical expansion of the cloud, and in the ex- 
tent to which source dimensions, multiple reflections, and edge effects 
have been incorporated into the basic Gaussian model. 


An examination of available field data and an intensive analysis of 
measurements made during the Dallas Tower trials and the B 502 series 
at Dugway Proving Ground clearly indicates that the elevated line-source 
technique is most effective when the releases are made at heights of the 
order of 100 meters above relatively smooth terrain in the presence of 
moderate or strong wind speeds and near-neutral thermal stratification. 
Efficient atmospheric dispersal and transport mechanisms require a high 
degree of coupling between the air flow at release height and the flow 
at ground level. This precludes the presence of moderate or strong tem- 
perature inversions located either near ground level or at any height in- 
termediate between the release height and the ground. A sufficient de- 
gree of coupling is indicated by a mean wind speed near the ground of at 
least 3 meters per second and a wind speed at the effective release height 
of at least 10 meters per second. Also, the vertical intensity of turbu- 
lence at release height must exceed 0.01. The rapid upward transport of 
airborne material which is associated with convective circulations pre- 
cludes effective downwind transport during periods of unstable thermal 
stratification. In areas where the terrain is not smooth, the ground 
dosage pattern will reflect obstacle flow. Use of the elevated line 
source over irregular terrain or near major surface discontinuities 
(coastal areas) requires a detailed knowledge of mesoscale circulations. 


An analysis of the Dallas Tower trials shows that ground-level dos- 
age profiles can be predicted over rolling terrain with fair success by 
existing models if releases are made in a near-neutral layer or in a 
stable layer beneath the inversion cap provided light wind situations 
are avoided. Under these conditions observed dosages during the Dallas 
trials were about 65 percent of the dosages predicted by the GCA model 
and about 125 percent of the values predicted by the MRI model. This 
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difference is largely due to the use of different mean wind speeds in 

the two models. The dosage profiles observed along the direction of the 
mean wind frequently showed large irregularities. Similarly, considerable 
variation was found in the crosswind direction; values of the crosswind 
variability coefficient op/D ranged from 0.25 to 1.82. The distance at 
which the maximum dosage occurred varied from about 100 to 300 times the 
release height. This distance was predicted with only fair precision by 
both models. The median value of the ratio Xnax0PS/XmaxPred was) 1312 for 
the MRI model and 0.95 for the GCA model. The ranges for this ratio were 
0.32 to 4.20 for the MRI model and 0.55 to 4.08 for the GCA model. 


Both the Dallas Tower trials and the B 502 series confirm that 
little or no material reaches ground level within 40 to 50 kilometers 
of aerial releases made above strong temperature inversions. It is un- 
likely that penetration of such an inversion by appreciable amounts of 
material can be accomplished other than by very low releases (less than 
50 meters) aided by aircraft wake turbulence. The effect of the air- 
craft on the released cloud has been shown to be twofold. First, there 
is a downward displacement of the aerosol cloud. Thirty-eight releases 
carried out at Dugway Proving Ground with L-23 and FJ4 aircraft gave an 
average downward displacement between the release line and a tower 91 
meters downwind of about 11.4 meters. Second, the vortex field behind 
the releasing aircraft results in an initial rapid growth of the cloud 
which is independent of the diffusing power of the ambient air. The ex- 
pected vertical dimension of the wake-vortex field is given by 1.33b 
where b is the wingspan of the aircraft. The use of the elevated line 
source during inversion conditions is usually further complicated by the 
presence of light and highly variable winds which result in erratic and 
unpredictable downwind transport of the tracer cloud. The B 502 series 
illustrates the difficulties encountered in predicting cloud trajectories 
when the air flow at ground level is dominated by local wind circulations 
and is almost completely decoupled from the wind flow aloft. 
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D/Q x 108 (sec/m?) 
ro) 


Fig. 44--Trial B10Y: 
FP release at 225 feet. 





Calculated 


© Total dosage 
@ Sua of Sequential Dosages 


Observed 








4 6 8 10 12 14 
Distance (miles) 


Ground-level dosage per unit source vs distance downwind for yellow 
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104 


Calculated 


© Total dosage 
@ Sum of Sequential Dosages 


Observed 


D/Q x 10® (sec/m2) 
ro) 





oO 6S SE a BS SE Se 


2 4 6 8 1O= 12 14 
Distance (miles) 


Fig. 45--Trial Bl0G: Ground-level dosage per unit source vs distance downwind for green 
FP release at 415 feet. 
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; Table 4 


IMUM GROUND-LEVEL DOSAGES PER UNIT SOURCE AND DISTANCE TO MAXIMUM AND 1/10th 
MAXIMUM FOR AERIAL LINE RELEASES AT DUGWAY PROVING GROUND 


awe Wind Speed 
aP Range Stability* (mph) Test Trial** (D max/Q) x Cae Distance 
: 2 (miles) 
ft | 
( ) Cit) me eee Ml Series No. (sec/ m ) max 1) /10max 
- 60-160 Neutral >15 B502 BS 6,421 0.75 0.2 
Stable 15a 10 B502 BL3Y 2,984 6 Gi 
B589 A4 4,610 1 OFS 
| B589 B10 10,943 0.5 ‘oben 
Mean epee ly Ae) 245 es 
| Stable 5-15 B589 B9 11,860 0.75 0.1 
B589 Bilal 070 0.25 ‘ona 
; tenn 12,465 ons 0.1 
Very Stable 5-15 B502 AS 2,200 i 4.8 
; B502 B3 11,970 4 Ba2 
B502 Bit 29, 732 4 0.1 
Mean 14,634 5.0 Led, 
Jiso 200-255 Unstable <5 B502 B7Y 2,630 0.5 0.1 
Neutral LS B502 BOY 1,140 2 0.8 
1 B502 Bl2Y 1,882 0.75 0.6 
Mean ee 1.4 OTe 
i Neutral Sy ps B502 BlOY 6,770 0.25 ctl 
Stable >15 >6 B502 Bl 1,452 6 0.4 
| Very Stable>15 >6 B502 B4 1,388 4 2.6 
Very Stable>l5 >3-6 B502 BOY + >15 10++ 
Very Stable 5-15 3-6 B502 A3 7730 14 7a 
B502 A6 11,680 8 6.5 
ee oe SS eee ee 
Mean OR7:L5 ll Lae 
i 400-500 Unstable <5 B502 B7G 3,045 2 0.6 
Unstable >15 B502 B14Y 258 2 0.6 
Neutral >15 B502 A2S. 169 4 2.0 
B502 B2 513 2 0.5 
B502 B12G 1,290 4 Be 
a ee 
| Mean 591 aa in 
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Table 4 Continued | 


Distance 


Release Wind Speed 
-6 : 
Height Range Stability* (mph) Test Trial (D max/Q) x 10 (miles) 
Pte Et 150 -£t. 2m Series No. sees max 1/10max 
400 400-500 Neutral 5-15 B502 B10G 1200 Oe2 50 ee 
Stable ge tle I 6) B502 B8G 1,330 7 San | 
Very Stable >15 <10 B502 B6G + Ser | eats) 
< - 2°F Unstable 
* 3 eet 9 
Tom To 2 to O°F Neutral 


OStore -pastable 


>8 °F Very Stable 


wey @ yellow FRs) CG sagreen fF 


+ Maximum not reached within sampling array 


++ Estimated from ratio of ground-level dosage to peak dosage aloft. 


. 


to reach maximum D/Q will generally be greater than 10 miles for very stable conditions. 
Aerial releases at 400 ft. and higher will produce D/Q values of 1000 x 107° 
seem or larger under unstable and neutral conditions for wind speeds less than 
15 mph. Under stable conditions the aerosol may not reach the ground for many miles. 
2. Comparison with other test areas. 


The only comparable data at other locations'were obtained by Meteoro- 


logy Research, Inc., at Dallas and Corpus Christi, Texas 
The lower releases at Dallas were made at heights of 380 
base of a 1400 ft. T V tower and those at Corpus Christi 
500 ft. above the terrain. The Corpus Christi test site 
way. 


quite different. 


and Cushing, Oklahoma. (6) 
and 450 ft. above the 
and Oklahoma were about 


was very flat, like Dug- 


However, the releases were off-shore and the climatological situation was 


The Dallas and Oklahoma sites were in rolling terrain giving a 


larger degree of mechanical turbulence due to the roughness. 


The trials at Dugway included a wider range of atmospheric stability 


and wind conditions than those at the Texas and Oklahoma 
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sites. 


However, compari- 


Serna eee 


Table 8 
Vertical Standard Deviation of Dosage for B502B Trials 5, 6 and 8 
At Dugway Proving Ground for Various Estimates of es and Length Scale of Turbulence 


Release 
Calculated OJ, (m) 


Height X Observed 0, p eee 


ete ay ee Ls (miles) (m) (m) 84.5 Ba i/diy P= 1/2iy 








B5 38 0.0727 0.0208 0 4.9 

0.5 19.8 76 6.1 LOE 6.7 
| L542 6.1 1007 6.7 

30.5 6.1 10.4 6.7 

2 29,9 7.6 8.8 20et LAR: 
15.2 9.2 24.7 iyi: 

30.5 8.8 26.5 1is0 

oe? 27.4 1.6 14.9 36.9 18.9 
Wey 1S 48.8 22.6 

30.5) 17-1 60.4 23.8 

10 39.3 7), Oy aOR 48.2 2417 
1592 2329 65 ;3 30.8 

50h 5k 58 83.9 35.1 

BOY 76 0.0516 0.0239 0 3.4 

0.5 10.0 7.6 4.9 9.5 6.1 
Lee 4.6 9.8 6.1 

30.5 4.3 8.5 5.5 

2 13.4 PAG 8.5 Die 13.4 
1522 8.8 25.3 14.6 

30.5 7.6 27.4 14.0 

6 22.9 pets MS 39.0 25.6 
Begone ES 51.8 32.0 

30, 5a Loe 64.0 36 .0 

10 28.4 746m o2.0 51.8 33.9 
15 226.8 7002 44.2 

30 spa? 9, O 91.5 53.4 

XIV-5 








| 
Table 8 (Continued) | 
| 
Release Observed J Calculated JZ (m) 
Height i i X 
Trial (m) “ ws ys (miles) (m) (m) _ mr 3 = 1/2ig Deal) Jag t7/2iy 
B8Y Sie 0.114 0.0566 0 4.6 
(ORS es) 720 12.2 16.8 122 | 
Lee L371 1s eps 131 
30.5 Poe) 20.4 12:8 } 
ie Loo 7.6 24.4 yor 24.1 
Lo 30.5 45.8 S02 a 
3025 Shea | Sp. 7 Baa 
6 34.2 Fac Ose ee 2 Gae2 Ag) 8) 
sree4 58.6 85.4 58.0 
30.5 74.7 114.4 Bees 
10 ACF 720 wt Bae: 84.5 56.4 | 
Loree 7428 Aas es idise 
30) Sa wel 87 15349 102m i 
| 
| 
| 
| 
| 
| 
| 
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‘Fig. 15--Trial B-6: 
250-ft winds. 
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Fig. 16--Trial B-6: Green FP recoveries at 5 feet and trajectories calculated from 
480-ft winds. 
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1 ae SUBJECT: DPG Trial Rocord ilumver 247, Bi 418, Phase fh, 


Trials A-1 and A-é. 


ii. z TITLS: Field Svaluation of a sf Aerial Sprey Systen. 
Jal; LOCATION: An especially designed grid extending northwest 


fron the Downwind Grid into the Great Salt Lake Desert. 


Ve DATS AND TI OF TRIALS: 
DATS FUNCTION TI°2 
TRIAL NUL3BER (1958 ) (NSD) 
A-1 18 August 2245 
4-2 el fugust oo. 
Ve CONDUCT OF TUST: These trials wore conducted in accordarcs 


with the procedures outlined in DPG Test Plan Bi 416, Phese a, for tower fly-bpy 
triels. 

Vi. DISSHNUDIATION PROCSDUR2: In each trial, two aerial sprey 
tenis (especially developed by North American Aviation, Inc.), one containing 10 
eallons of 5G slurry and tho other 10 gallons of SU slurry, were wing-mounted on 


a F-100.. aircraft. The slurries were disseminated concurrently at a height Ole 20 ste 


(trial f.-1) and 185 feet (Trial 4-2) above terrain ai true air speeds of 352 and 546 
knots, respectively, at a distance ef 100 yards upwind from a 300-foot vertical 
sampling tower located at the vertex of the downwind army (see Fig. 1). A 


summary of general disseminstion data for each trial is given in Table l. 


TABLE 1: General Dissemination Pata, PW 418, Trials 4-1 and A-2 


AMOUNT OF | 


PLIGHT | TRUS | LENGTH OF , 27.0, see 
ia | Acwaqge ‘ DISSab- ; 1 mp ; AG «ih at 
HeIGHT | AIR | DISSEMT- | rington jp ror]  DISsaul- 
raIaL | at TOWER | SPEED | NATION | “a7,  [ Precset 7 Calculated ane 
(Feet above; (Knots) LINS | SED BG SH ~ BG Oi RENTS 
terrain) ya Cece ne 








irae oeiewiet 47 155.93 
8.c [5.28] 2.9% 


90 


185 
NOTs: Tue Bo vwaS disseainated from the upwind side of the aircraft in Trial A-1 and 
frou the downwind side of the aireraft in Triel A-2. 
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© HORIZONTAL SAMPLING POSITION 
e VERTICAL SAMPLING TOWER (A) 


% IG-METER WIND AND TEMPERATURE 
PROFILE MAST 


#8 CP AND METEOROLOGY VAN 


Fig.1.- Diagram showing flight 


ines, 
meteorological 


AVI-2 


stations used in BW 418, Trials A-| 


32 


vertical sampling tower, and 
Onde Am ee 


34 





NOL As SLURRY CONTROL ASSESSMENT:: In each trial, six represertative 
BG and SM slurry samples were withdrawn during tho filling of the spray tanks. 
fach sample was assayed at three or more serial tenfold dilution levels, and the 


pp 


results of these assessments are given in Table 2. 


TABLE 2: BG and Sh Slurry Control Assessment Data, BW 416, Triels A-1 and A-2 


SSTIMATSD NUMESR OF VIABLE BG AND SM ORGANISMS PSR ML OF SLURRY 
BG Si 










TRIAL 
NUMBER 1 95 Per Cent Confidence 95 Per Cent Confidence 
| Linits (xX 109) Mean Limits (x 1019) 
A-1 leet 8.47 4.80 4,21 5.43 
A-2 Spa) 8.05 8.41 Tes Weg 7.09 
VIII. ShPLING DATA: In each trial the sampling wes acccemplished 


by means of 59 impingers (AGI 6-15), in series with pre-impingers, mounted at 9- 


foot intervals on the 300-foot vertical sampling tower (Fig. 1). Because of 


mechanical difficulties experienced in elevating the samplers to the top.of the 


tower, only 59 of the 60 samplers stipulated in the test plan were used in each 


trial. Consequently, Sampler iJunber 2, located 5 feet above terrain, was the first 


sampling station. iach device was activated shortly before slurry dissemination 


and was espirated continuously for a period of 6 to 10 minutes following the 


initiation of the spray run. The sampling date are presented in Appendix A. 


Lk. METSOROLOGICAL DATA: A Summary of the wind speed and 


direction, temperature, temperature gradient, end relative humidity data collested 


during the trials is presonted in Appendix B. Four wind speed transmitters were 


installed at the 100-, 150-, 200-, and 500-foot levels on the vertical sampling 


tower to provide wind velocity data from 50 to 300 feet above ground. The location 


of the other meteorological stations is shown in Figure 1. Complete meteorological 


data are on file at Dugway Proving Ground. 
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T.BLE 2: Seupling Data, BI 418, Triel A-2 


HSIGHT | sSTINATSD NURIBSR OF BG 
ABOVE | _JRGANISMS COLLICTED 
GROUND 



















| Pre-impinger Inpinger 








5 0 0 
8 0 | 0 
13 0 0 
18 0 | 0 
23 0 G 
28 0 | 0 
33 0 0 
38 0 0 
az < | U | 0 
ita de: 
58 | 0 | 0 
63 G 0 
68 | 0 | 0 
73 22 : 
78 | oe a4 
i raya) ; 
83 iia | S60. 
88 1,462 i 2,614 
93 1,261 2,553 | 
98 ue rata | 2,646 
103 Sige G,055 
108 } 7,106 6 ,050 
113 apeeais al } le ,149 
Tepe hoe Taal Ta nies 
123 fe a Paka ae : 20,582 
128 8,65 : 14 cco 
133 1, 429 4,523 
138 3,642 : 3,061 
143 1,654 : ai eg 
148 7,582 2,550 ; 
153 (3,825) cio 
AD ie ee eat Cy 
163 1 G i 266 
168 Ee @ 
gs, 0 : o | 
178 Q oO | 
0 0 
9 0 
| 2) G 


ee 





cee 
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aie 
ce) 
ie 
a] 
t- 
12 
rea) 
| 
56s) 
pa 
cr 
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i de 
Cu 
1 <P) 
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ie 
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Le 
QO 
tw 
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HEADQUARTERS 
U.S. ARMY CHEMICAL CORPS PROVING GROUND 
DUGWAY PROVING GROUND 
Dugway, Utan 
CMLRD- DU-GTB 


SUBJECT: Dugway Proving Ground Trial Record DPCTR 248, BW 418, Phase A, 
Trials A-3 and A-4 


Prt): See Distribution List 


This document contains information affecting the national 
defense of the United States within the meaning of the Espionage Laws, Title 16, 
U.5.C. Sections 793 and 794. The transmission or the revelation of its contents 
in any manner to an unauthorized person is prohibited by law. 


Reproduction of this document in whole or in part is pro- 
hibited except witn permission of the issuing office. 


Ae TITLE: Field Evaluation of a BW Aerial Spray System, 


BW 418, Phase A. 


16 t AUTHORITY: The authority for this test is contained 
in Letter CMLRD-BW-12, subject; Request for Aerial Spray Test Program (U), 


dated 3 April 1958. Confidential. This project was funded under Dugway Job 


Order Number 1-30-19. 


Tie ' LOCATION: An especially designed grid extending 


northwest from the Downwind Grid into the Creat Salt Lake Desert. 


INS SENERAL TEST CONDITIONS: A summary of the general 


meteorological conditions existing at function time is given in Table l. 


AV e ed 


TABLE 1: Summary of General MetedcM8Togical Conditions Bxisting at Function ‘ime, 
BV. 416, ‘rials A-3S and A-4 


i iy WIND TERAGE Wil TEMPERATURE 
FUNCTION ce Wii INBRAGE WinD paige: 4 
TIMG aes 
(SST ) 


NUMBER] (1956) 





a CONDUCT OF TEST: These trials were conducted in accordence 


with the downwind trial proceduros outlined in DPG Test Plan DPGTP 418, Pnase A, 


fr ipe: DISSEADIJATION PROCKDURL: 


In each trial two aerial spray tanks (ospecially developed by North 
American Aviation, Inc.), each containing 20 gallons of BG slurry, were wins- 
mounted on an F-100A aircraft, and their fills wore disseminated concurrently. 
The aircraft flew ata height of 1205 (Trial A-3) end 110 feet (Trial A-4) and 
‘at a true air specd of 407 Imots. The flight line was 15 miles in length and 
passed 100 yards upwind from the 500-foot vertical sampling tower located et 
the vertex of the downwind array (soe Fig. 1). Downwind sampling was conducted 
at a height of 5 feet above torrain for a distance of 15 miles from the vortex 


of the grid. A summary of tho goneral dissemination data for each trial is 


given in Teble ée. 


XVII-2 





a QNNV hhieal NWAICworm. 
Vatielae SR ae GO ROL AS Ooo 
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the filling o: tne spray tenxss. [hack sample yas Gesayed av three or sore serial 


tenfold dilution levels, ond t.ejresulctsio. uMesekassessrcn-s are ¢iven in Table 


3s 


TABLE 3: BG Slurry Control Assessment Data, BW 410, Trials A-3 and A-+ 


| ESTIMATED NUMBER OF VIARLE BG ORGANIGMG PUR MILLILITER OF SLURRY 


Mean 





Vill: SAMPLING DATA: 


In each trial the sampling was accomplisred by means of impingers 
(AGI 6-15), in series with pre-impingers, emplaced at 5-foot intervals on the 
300-foot vertical sampling tower, and at the 72 downwind sampling stations shown 
in Figure 1.2 On the tower, each device was activated shortly before slurry 
dissemination and was aspirated continuously for a period of 10 minutes following 
the initiation of the spray run. In the downwind array the total dosage and 
sequential sampling impingers were activated and deactivated in accordance with 


computed cloud trajectory data provided continuously duving aerosol transit by the 


meteorologist-in-charge. 






Station 28, Lateral I, and Stations 2 and 4, Lateral 1, vere net used. 
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Figure 1.- Diagram showing flight line and 
sampling array used in BW 418, Trials A-3 and A-4 
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The impinger recovery of BG organisms on the downwind 
array in Trials A-3 and A-4 is graphically presented in Figures 2 and s. All 


savipling data, both vertical and horizontal, are tabulated in Appendix A. 


IX. METEOROLOGICAL DATA: Four wind spesd transm:.ters 


were installed at the 160-, 15i0-, Z00-, and S0u-reot levelsé on Une vervicad 
sapling tower to provide winc rolecity data from $0 to S0C Prot above srowid. 


Tho location of the other meteorological stations is shown in Figures + and 5S. 


Wind streamline analyses, cloud ~rajectories, and a summary of the wind speed 


and direction, temperature, tomperature gradient, and relative humidity date 


collected during the trials are presented in fyypendix B. Complete mete rological 


data are on file at Digway Proving Ground. 
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ND pL 
ND 
ND 4 
616 pL 
675 e 
6,536 
8,028 ~ | 
7,487 % 
; ND & 5,252 
4 12,944 op 
6,134 B® 7,901 F 
7 5,840 10,902 
° 5,957 ¢ 
aq O250d 
eWay 
7,014 9 15,682 oD 









7,965 9 8,000 


ND S 7086 & 8,228 


8,224 © Ais: 
7 4,495 


14,630 9 10,414 & ND 
11,016 
NOS 16,779 


Fig.3.- Impinger recovery of BG organisms, downwind array, BW 418, Trial A-4. 
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LENGTH OF DISSEMINATION LINE; 76,426 FEET 






ND 912,028 pF 


ND p 


2,139 9 ND 2D 


2,308 9 


ND = No data 


* Partial malfunction 





Fig.2.-Impinger recovery of BG organisms, downwind array, BW 418, Trial A-3. 
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‘TABLE 1: Vertical Sampling Data, BW 418, Trial A-3 






HEIGHT ESTIMATED NUMBER OF HEIGHT | ESTIMATED NUMBER OF 
po BG ORGAYISiNS COLLECTED ABOVE BG ORGANISMS COLLECTED 
(Feet ) Pre-impinger Iapinger ne Pre-impinger| Impinger 
3 35, 883 91,448 || 78 13,275 11,899 
8 L3, 2208) 9 byois I 83 10, 350 8,930 
13 [Mots BT Mel lea, FeO” #1) 88 9, 788 7,864 
18 } 03,250 { 124, 432 0.93 ND (6,973) 
23 ; 83,250 } 106, 560 98 6,975 , 082 
28 SlNSCo ey 78, 662 LOO wel) ee eet 4,140 
33 j 34,322 f 70,148 <103 or 0 
38 24,637. 41,700 118 0 0 
43 225125 | 45,990 118 on @) 
48 i 14, 400 25,560 123 0 0 
25 | ND* 20,920 | | 128 0 0 
56 { 21,938 17, 589 133 0 0 
6 1 N3fo50 25,356 || 138 0 0 
6 } ik,bho 12, 000 | 143 0 0 
73 lA 4125 | As 170 y “ y 
268 fo) 0 
*Jio data 


**Humbers in parentheses are interpolated values. 
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TABLE 3: Vertioal Sampling Deta, BW 418, Trial A-4: 


ESTIMATED NUMBER OF 
BG ORGANISMS CQLLECTED 


Pre-impinger Impinger 





HEIGHT 
ABOVE 
GROUND 







ESTIMATED NULIGER OF 
BG ORGANISMS CULLECTED 










Pre-impinger 





3 0 0 88 2,858 7,600 
8 0 0 93 9,225 10,354 
is! 0 0 98 1,204 4,890 
18 0 0 103 2,959 3,464 
23 0 0 Po 1OBss 1,485 2,027 
28 0 0) 113 0 0 
oo 0 0 118 0 0 
38 9) 0 has 0 0 
43 11,362 fh 128 0 70 
48 6,008 12,485 133 0 0 
53 20,588 40,185 138 0 0 
58 10,462 15,922 143 9) 0 
63 31,638 30,525 148 ) ) 
68 17,212 27, 904 153 0 0 
13 16-212 31,500 | | 
78 8, 888 25,968 
83 7,808 8,720 293 0 Om 
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Wind streamlines at Z, BW 418, Trial A-4, 28 August I958. 
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Fig | 5 minutes, BW 418, Trial A-4, 28 August 1958. 
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